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EXECUTIVE SUMMARY 

The Mixed Waste Landfill (MWL) is designated as a Solid Waste Management Unit at Sandia 
National Laboratories/New Mexico (SNL/NM).  SNL/NM is located within the boundaries of 
Kirtland Air Force Base, immediately south of the City of Albuquerque in Bernalillo County, New 
Mexico.  SNL/NM is managed and operated by Sandia Corporation, a wholly owned subsidiary 
of Lockheed Martin Corporation, for the U.S. Department of Energy.   
 
The MWL is located 4 miles south of SNL/NM’s central facilities and 5 miles southeast of 
Albuquerque International Sunport.  The landfill is a fenced, 2.6-acre site in the north-central 
portion of Technical Area III.  The MWL was established in 1959 as a disposal area for low-level 
radioactive waste generated by SNL/NM research facilities.  Low-level radioactive and minor 
amounts of mixed waste were disposed of at the MWL from March 1959 through December 
1988.  Approximately 100,000 cubic feet of low-level radioactive and mixed waste containing 
approximately 6,300 curies of activity were disposed of in the landfill. 
 
Active soil-vapor volatile organic compound (VOC) samples, tritium soil samples, and radon 
samples were collected at the MWL in 1994, 1995, and 1997, respectively.  In order to 
determine whether subsurface conditions at the MWL had changed since the mid-1990s, the 
New Mexico Environment Department (NMED) required that additional soil-vapor VOC and 
methane, tritium soil, and radon samples be collected at the site.  A sampling and analysis plan 
describing the required sampling activities was approved by the NMED with modifications in 
February 2008, and the fieldwork for this investigation was completed at the site in April and 
May 2008. 
 
A comparison of the 1997 and 2008 surface radon samples shows that radon emissions from 
the MWL and background areas have not significantly changed from 1997 to 2008.  The 
maximum radon values at the MWL were 1.0 picocurie per meter squared per second (pCi/m2s) 
in 1997 and 0.43 pCi/m2s in 2008.  The 2008 radon sampling data also confirmed that radon 
gas being released from the MWL is below background levels. 
 
Because none of the 2008 tritium samples were collected from the same locations that were 
sampled in 1995, a direct comparison of the 1995 and 2008 tritium concentrations was not 
possible.  However, in general, tritium concentrations in the majority of the 2008 samples are 
higher than those in the 1995 samples.  The highest tritium concentrations were 
7.80E+06 picocuries per liter (pCi/L) in 1995 and 3.95E+07 pCi/L in 2008.  All of the 1995 tritium 
samples were collected from boreholes around the perimeter of the MWL, whereas 20 out of 24 
of the 2008 samples were collected from the interior of the MWL.  The overall higher tritium 
concentrations found in the 2008 samples were expected because most of these samples were 
collected in close proximity to waste pits and trenches in the landfill. 
 
A risk assessment evaluation was performed based on the maximum tritium concentration 
detected in the 2008 samples.  The calculated dose values for the hypothetical residential and 
industrial land-use scenarios (4.5E-01 and 6.7E-04 millirem per year [mrem/yr], respectively) 
are two to four orders of magnitude less than the respective dosage guidelines (75 and 15 
mrem/yr, respectively).  The risk assessment calculations show that the tritium concentrations at 
the MWL pose no threat to human health or the environment.  
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The 1994 and 2008 soil-vapor samples were not collected from the same locations; therefore a 
direct comparison of the 1994 and 2008 results was also not possible.  However, in general, the 
1994 and 2008 soil-vapor results for three individual VOCs that were detected at the highest 
concentrations in the 1994 and 2008 samples, as well as the 1994 and 2008 total VOC 
concentrations show that overall concentrations have declined substantially at the MWL since 
1994.  The maximum total VOC concentration detected in 1994 was 3.07E+04 parts per billion 
by volume (ppbv), and in 2008 it was 1.33E+03 ppbv.  The 2008 soil-vapor samples were also 
analyzed for methane, which was not done in 1994.  The maximum methane concentration is 
2.30E+05 ppbv. 
 
Because the findings of this investigation are consistent with the conceptual model of the MWL, 
the cover should be constructed.  Radon and tritium surface sampling should be continued, and 
deeper vadose zone soil-vapor sampling should be completed, as described in the “Long-Term 
Monitoring and Maintenance Plan for the Mixed Waste Landfill, Sandia National 
Laboratories/New Mexico” (September 2007a).    
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1.0   INTRODUCTION 

The Mixed Waste Landfill (MWL) at Sandia National Laboratories/New Mexico (SNL/NM) is a 
Solid Waste Management Unit undergoing corrective action in accordance with the Resource 
Conservation and Recovery Act (RCRA) regulations (Title 40, Code of Federal Regulations 
[CFR], Part 260); the New Mexico Secretary of the Environment Department’s Final Order in the 
Matter of Request for a Class 3 Permit Modification for Corrective Measures for the Mixed 
Waste Landfill No. HWB 04-11(M) (Curry May 2005); the New Mexico Environment Department 
(NMED) Class 3 Permit Modification for the MWL (NMED August 2005); and the Compliance 
Order on Consent (the Order) (NMED April 2004). 
 
SNL/NM is located within the boundaries of Kirtland Air Force Base, adjacent to the City of 
Albuquerque in Bernalillo County, New Mexico (Figure 1-1).  SNL/NM is managed and operated 
by Sandia Corporation (Sandia), a wholly owned subsidiary of Lockheed Martin Corporation, for 
the U.S. Department of Energy (DOE).  The MWL is located 4 miles south of SNL/NM’s central 
facilities and 5 miles southeast of Albuquerque International Sunport.  The landfill is located in 
the north-central portion of Technical Area (TA)-III at SNL/NM (Figure 1-2).   
 
The MWL accepted containerized and uncontainerized low-level radioactive waste (LLW) and 
minor amounts of mixed waste from SNL/NM research facilities and off-site DOE and 
U.S. Department of Defense generators from March 1959 to December 1988.  Approximately 
100,000 cubic feet of LLW (excluding packaging, containers, demolition and construction debris, 
and contaminated soil) containing 6,300 curies of activity (at the time of disposal) were disposed 
of at the MWL.   
 
Two distinct disposal areas are present at the MWL: the classified area (occupying 0.6 acres) 
and the unclassified area (occupying 2.0 acres) (Figure 1-3).  Wastes in the classified area were 
disposed of in a series of vertical, cylindrical pits.  Historical records indicate that early pits were 
3 to 5 feet in diameter and 15 feet deep; later pits were 10 feet in diameter and 25 feet deep.  
Once pits were filled with waste, they were backfilled with soil and capped with concrete.  
Wastes in the unclassified area were disposed of in a series of parallel, north-south trenches.  
Records indicate that trenches were 15 to 25 feet wide, 150 to 180 feet long, and 15 to 20 feet 
deep.  Trenches were backfilled with soil on a quarterly basis and, once filled with waste, were 
capped with the original soil that had been excavated and locally stockpiled.  None of the pits or 
trenches were lined. 
 
Containment and disposal of routine waste commonly occurred using tied, double-polyethylene 
bags, sealed A/N cans (military ordnance metal containers of various sizes), fiberboard drums, 
wooden crates, cardboard boxes, and 55-gallon steel and polyethylene drums.  Larger items, 
such as glove boxes, spent fuel shipping casks, and contaminated soil, were disposed of in bulk 
without containment.  With the exception of a one-time disposal of coolant water to Trench D, 
disposal of free liquids at other disposal pits and trenches was not allowed at the MWL.  Liquids 
such as acids, bases, and solvents were solidified with commercially available agents before 
containerization and disposal (SNL/NM September 2007a).  A detailed MWL waste inventory, 
by pit and trench, is provided in the Environmental Restoration (ER) Project “Responses to 
NMED Technical Comments on the Report of the Mixed Waste Landfill Phase 2 RCRA Facility 
Investigation [RFI] Dated September 1996” (SNL/NM June 1998). 
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A Phase 1 RFI was conducted in 1989 and 1990 to determine whether a release of RCRA 
contaminants had occurred at the MWL (SNL/NM September 1990).  A Phase 2 RFI was 
conducted from 1992 to 1995 to determine the contaminant source, define the nature and extent 
of contamination, identify potential contaminant transport pathways, evaluate potential risks 
posed by the levels of contamination identified, and provide remedial action alternatives for the 
landfill.  Analytical results for the Phase 2 RFI were presented and discussed in the “Report of 
the Mixed Waste Landfill Phase 2 RCRA Facility Investigation, Sandia National Laboratories, 
New Mexico” (SNL/NM September 1996).  Both investigations revealed that tritium had 
migrated from the pits and trenches of the MWL.  Results of the Phase 2 RFI soil and soil-vapor 
investigations are further discussed in Chapters 2.0 and 6.0. 
 
The work completed for this 2008 field investigation was based upon requirements set forth in a 
Notice of Disapproval (NOD) letter dated November 20, 2006 (NMED November 2006) on the 
MWL Corrective Measures Implementation (CMI) Plan that was prepared by the DOE/Sandia 
and submitted to the NMED Hazardous Waste Bureau (HWB) in November 2005 (SNL/NM 
November 2005).  Among other comments, the NMED HWB disapproval letter included a 
requirement for additional sampling at the landfill.  The NMED was concerned that most of the 
site characterization data for the MWL was collected prior to the mid-1990s, and more current 
data were required to ensure that conditions had not changed. 
 
To meet the NMED requirements, samples were collected and analyzed in April and May 2008.  
These samples were collected at 20 locations in and near the landfill and analyzed for radon 
(12 locations at the current land surface); tritium (8 locations at depths of 10, 30, or 50 feet 
below ground surface [bgs]); and volatile organic compounds (VOCs) and methane (8 locations 
at depths of 10, 30, or 50 feet bgs).  As used in this report (and described in detail in 
Chapter 4.0), “radon samples” are gas samples collected in radon-flux canisters and analyzed 
using U.S. Environmental Protection Agency (EPA) Method 115 (EPA April 1996).  “Tritium 
samples” are soil-moisture samples (incorporated in a soil matrix) collected in plastic sleeves 
and analyzed using EPA Method 906.0 (EPA August 1980).  “VOC/methane samples” refer to 
soil-vapor samples that were collected in SUMMA™ canisters and analyzed using EPA Method 
TO-14A (EPA January 1999). 
 
The outline of this report is based upon the required elements of an “Investigation Report” 
described in Section X.C of the Order (NMED April 2004):   
 

• Chapter 2.0 discusses background information of pertinent earlier studies at the 
MWL. 

 
• Chapter 3.0 presents the regulatory requirements for the work performed during 

the 2008 investigation. 
 
• Chapter 4.0 describes the pre-fieldwork activities as well as the procedures used 

during the collection of the samples.  
 
• Chapter 5.0 discusses the analytical results of the 2008 investigation.  
 
• Chapter 6.0 compares the analytical data from the 2008 and mid-1990s previous 

investigations and incorporates the results into a current conceptual model of site 
contamination.  
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• Chapter 7.0 provides recommendations for future site activities based upon the 
current understanding of the distribution of contaminants at the site. 

 
• The report figures, tables, and appendices are provided at the end of the 

document. 
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2.0   PREVIOUS INVESTIGATIONS 

This chapter summarizes three investigations that have been conducted at the MWL for VOCs, 
tritium, and radon prior to the 2008 investigation. 
 
 
2.1 1994 Soil-Vapor Investigation 
 
Active soil-vapor samples were collected from 43 locations in and around the MWL from June to 
October 1994.  Soil-vapor samples were retrieved from target depths of 10 and 30 feet bgs with 
Geoprobe® soil-vapor collection equipment at each location and collected in both 500-milliliter 
glass bulbs and SUMMA™ canisters.  The glass-bulb samples were analyzed with an on-site 
gas chromatograph/mass spectrometer, and the SUMMA™-canister samples were analyzed by 
an off-site commercial laboratory for VOCs by EPA Method TO-14A (EPA January 1999).   
 
Analytical results from the 1994 active soil-vapor samples were presented and discussed in 
the Phase 2 RFI report (SNL/NM September 1996).  Eight individual VOCs were detected in 
the 10- and 30-foot samples, with total VOC concentrations ranging from 30 to 3.07E+04 parts 
per billion by volume (ppbv) in the 10-foot-bgs samples, and from 107 to 2.77E+04 ppbv in the 
30-foot-bgs samples.  The 1994 soil-vapor borehole locations and sampling results are 
discussed in Chapter 6.0. 
 
 
2.2 1995 Tritium Investigation 
 
Soil samples were collected from 15 boreholes drilled with a resonant sonic drill rig around the 
perimeter of the MWL from April through June 1995.  Boreholes 1 to 13 were drilled adjacent to 
the MWL fence at a 30-degree angle, and Boreholes 14 and 15 were drilled vertically 60 feet 
east of the classified area fence.  Boreholes were drilled to a minimum target depth of 120 linear 
feet.  Samples for tritium analysis were obtained every 20 linear feet in the boreholes beginning 
at 10 feet and continuing to total depth.   
 
A total of 120 surface and subsurface soil samples were collected for tritium analysis.  The 
samples were analyzed by Lockheed Analytical Services using Method LAL-91-SOP-0066.  
Tritium concentrations ranged from not detected (ND) to 7.80E+06 picocuries per liter (pCi/L) in 
the samples.  Analytical results for the 1995 subsurface tritium soil samples are also presented 
in the Phase 2 RFI report (SNL/NM September 1996).  The 1995 tritium soil borehole locations 
and sampling results are discussed in Chapter 6.0.   
 
 
2.3 1997 Radon Investigation 
 
Radon was measured using activated charcoal radon canisters at the MWL from September 30 
to October 1, 1997.  A total of 71 canisters were placed on the surface of the MWL, and an 
additional 18 canisters were placed at perimeter locations outside of the MWL fence.  The radon 
canisters were analyzed by Thermo NUtech using gamma spectroscopy.  Analytical results for 
the 1997 radon flux measurements ranged from 0.026 to 1 picocurie per meter squared per 
second (pCi/m2s) and were presented in a report titled “Radon flux testing at the Mixed Waste 
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and the adjacent Classified Waste Landfills, Technical Area III, SNL/NM” (SNL/NM January 
1998).  The 1997 radon canister sampling locations and results are discussed in Chapter 6.0. 
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3.0   REGULATORY CRITERIA 

This chapter addresses the regulatory criteria for this MWL investigation.  The MWL CMI Plan 
was submitted to the NMED HWB in November 2005 (SNL/NM November 2005).  The NMED 
HWB issued an NOD dated November 20, 2006 (NMED November 2006), which listed a 
number of deficiencies related to the MWL cover construction plans, performance modeling, fate 
and transport model, and monitoring triggers.   
 
 
3.1 NMED Requirements 
 
The NMED NOD for the MWL CMI Plan included a requirement for additional soil-vapor 
sampling at the landfill, as follows:  
 

As the Permittees are aware, most site characterization data for the MWL (other than 
groundwater data) dates before the mid 1990’s.  Because the rupturing of containers and 
leaking of their contents could have occurred since the mid 1990’s, the NMED requires 
more current soil-gas data to help resolve this issue.  The Permittees shall therefore 
collect and analyze active soil-gas samples taken at depths of 10 and 30 feet at a 
minimum of three locations within the landfill where previous sampling has detected the 
highest soil-gas concentrations in the past.  The soil-gas samples shall be analyzed for 
volatile organic compounds, tritium, and radon.  Pursuant to Section VI.A of the Order on 
Consent (April 29, 2004), the Permittees shall provide for approval to the NMED within 
30 days of receipt of this letter a work plan to conduct the active soil-vapor sampling 
described above.  The work plan shall be prepared in accordance with Section X.B of the 
Consent Order.  (NMED November 2006).  

 
The DOE/Sandia submitted a response to the NOD that included a work plan for the required 
VOC, tritium, and radon sampling titled, “Sampling and Analysis Plan for Soil-Gas Volatile 
Organic Compounds, Tritium, and Radon at the Mixed Waste Landfill” (SNL/NM December 
2006).  
 
Based upon the NMED review of the Soil-Vapor Sampling and Analysis Plan (SV SAP), and in 
consideration of public comments received, the NMED approved the SV SAP with modifications 
(NMED February 2008).  The approval letter is provided in Appendix A.  The modifications 
included the following: 
 

• Six boreholes for the collection of soil-vapor and soil samples shall be drilled at the 
locations shown on a map provided by the NMED (Appendix A).  Two other 
boreholes may be drilled at the background locations as proposed in the SV SAP. 

 
• Soil-vapor and soil samples for VOC and tritium analysis, as appropriate, from 

three designated boreholes shall be collected at depths of 10, 30, and 50 feet.  All 
other samples shall be collected at depths of 10 and 30 feet. 

 
• The track-etch type radon detectors proposed in the SV SAP are not the same 

type used in the 1997 survey at the MWL.  To ensure that radon data are directly 
comparable with the 1997 data, the DOE/Sandia shall use the same type of 
detector used in the 1997 survey. 
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• Nine radon detectors shall be deployed at locations shown on a map provided by 
the NMED (Appendix A). 

 
• The radon data shall be submitted at the same time as the tritium and VOC data. 
 
• In addition to VOCs, all soil-vapor samples shall be analyzed for methane. 
 
• The report shall be submitted by a specified due date (that was subsequently 

extended).  
 
Tritium soil sampling analytical results are included in this report and are provided voluntarily by 
the DOE/Sandia.  The voluntary inclusion of such radionuclide information shall not be 
enforceable and shall not constitute the basis for any enforcement because such information 
falls wholly outside the requirements of the Order.  Additional information on radionuclides and 
the scope of the Order is available in Section III.A of the Order (NMED April 2004). 
 
 
3.2 Report Organization 
 
This report satisfies the reporting requirements as defined in the Order (NMED April 2004).  The 
following table provides a cross-reference of each NMED report requirement and its correlation 
to sections within this document: 
 

Required Elements of an Investigation Report  
(NMED April 2004) 

Investigation Report on the 
Soil-Vapor VOCs, Tritium, and Radon Sampling at 

the MWL 
1. Title Page and Signature Block (for the 

name, title, and organization of the preparer 
and the responsible DOE and Sandia 
Corporation representative) 

Title Page 
Signatures for full SNL/NM and DOE 
chain-of-command on the transmittal document 
that accompanies the report from SNL/NM to the 
DOE to the NMED 

2. Executive Summary Executive Summary  
3. Table of Contents Table of Contents 
4. Introduction Chapter 1.0 Introduction 
5. Background Information Chapter 2.0 Previous Investigations 
6. Scope of Activities Chapter 4.0 Scope of Activities 
7. Field Investigation Results Chapter 5.0 2008 Field Investigation Results 
8. Regulatory Criteria Chapter 3.0 Regulatory Criteria 
9. Site Contamination Chapter 6.0 Summary of Results and Comparison 

of Investigations 
10. Recommendations Chapter 7.0 Recommendations 
11. Tables Tables 4-1, 4-2; 5-1 through 5-11; 6-1, 6-2, 

and 6-3 
12. Figures Figures 1-1, 1-2, 1-3; 4-1 through 4-4; 5-1 through 

5-6; and 6-1 through 6-10 
13. Appendices Appendices A through E 
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4.0   SCOPE OF ACTIVITIES 

This chapter describes the pre-fieldwork activities as well as procedures used during the 
collection of the radon, tritium, and VOC/methane samples. 
 
 
4.1 Pre-Fieldwork Planning and Preparation 
 
Planning and preparation for the fieldwork commenced immediately after SNL/NM received 
NMED approval of the modified SV SAP (Appendix A).  The following lists the various plans, 
permits, and health and safety-related documents that were completed prior to the start of 
fieldwork:   
 

• SNL/NM Excavation Permit (for identification of underground utilities) 
 
• SNL/NM site-specific Health and Safety Plan (HASP) 
 
• Programmatic and site-specific HASPs provided by the Geoprobe® contractor 
 
• SNL/NM Preliminary Hazard Screening documents for sampling and waste 

management 
 
• Radiological Work Permit and Technical Work Document (TWD) to address 

radiological health and safety issues at the site 
 
• Contractor statement of work (SOW) 
 
• SNL/NM Field Implementation Plan 
 
• Biological survey to ensure that project activities would not significantly impact 

wildlife in the project area 
 
• National Environmental Policy Act review and approval 
 
• Safety inspection of Geoprobe® equipment 
 
• Waste management plan and TWD, to address characterization and management 

of waste (soil, personal protective equipment [PPE]), and miscellaneous debris) 
generated as a result of project activities 

 
• Analytical Laboratory SOW/Sampling Bottle Order 

 
 
4.2 Sample Specifications and Locations 
 
In the February 2008 approval letter (Appendix A), the NMED specified locations for radon, 
tritium, and VOC/methane samples; these locations are shown in Figure 4-1.  To determine field 
locations, SNL/NM ER Project personnel digitized the NMED-specified locations, generated 
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New Mexico State Plane coordinates, and used global positioning system (GPS) equipment to 
place pin flags in the ground.  For tritium and VOC/methane sampling, multiple direct pushes 
were required to retrieve the required sample volume (discussed in Section 4.4.1).  All multiple 
direct pushes for a single location were placed within several feet of the original GPS-located 
pin flag. 
 
For radon samples, the NMED required nine locations (RN1 through RN9) in the MWL.  
Duplicate radon samples were also collected adjacent to primary locations at RN1 and RN8, 
with a triplicate sample collected at RN3.  For comparison purposes, three background samples 
(RN10 through RN12) were also collected at locations northwest, northeast, and southeast of 
the MWL outside the surface water pollution prevention earth berm that surrounds the MWL 
(Figure 4-1).  Table 4-1 summarizes the sampling specifications for the radon samples.  As 
shown in the table, each radon sample was identified with a unique location identification 
number (ID). 
 
The NMED required six direct-push (DP) locations (DP1 through DP6) for tritium and 
VOC/methane samples within the MWL footprint, and two additional background locations (DP7 
and DP8) southwest of the MWL.  Five of the tritium and VOC/methane sampling locations were 
to be drilled to a depth of 30 feet bgs, and three were pushed to a depth of 50 feet below the 
original MWL surface grade (discussed in Section 4.4). 
 
In order to protect site workers and to avoid potentially contacting buried waste, the NMED 
allowed a slight adjustment to the NMED-approved locations in the landfill of a maximum 
horizontal distance of 20 feet.  After reviewing maps of waste burial locations (SNL/NM 
September 2007a), the locations for DP2 and DP3 were moved 20 feet west and 15 feet 
southwest, respectively, of the NMED-approved locations.  The other four boring locations in the 
MWL were drilled at the NMED-approved locations.  DP7 and DP8 were located approximately 
525 and 665 feet, respectively, southwest of the MWL (Figure 4-1). 
 
Table 4-2 summarizes the specifications and requirements for the tritium and VOC/methane 
samples.  As shown in Table 4-2, samples were identified with a unique location ID, and 
duplicate samples were collected from Boreholes DP5 and DP6.  In addition, aqueous 
equipment blank (EB) samples were collected during tritium sampling. 
 
 
4.3 Radon Sampling 
 
Radon sampling was conducted on April 1 and April 2, 2008, at 12 locations in and near the 
MWL. 
 
 
4.3.1 Radon Sample Collection Procedures  
 
As shown in Figure 4-1, sampling for radon using activated charcoal radon canisters was 
conducted at nine locations in the landfill and at three background locations outside of the MWL.  
For comparability of data, the same type of radon-flux detection canisters were used for both the 
1997 and 2008 sampling events.  The 8-inch-diameter radon canisters used for the 2008 
sampling event were provided by Environmental Restoration Group, Inc. (ERG) located in 
Albuquerque, New Mexico. 
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On April 1, 2008, personnel from ERG and the SNL/NM ER Project placed a total of 16 radon 
canisters.  The field crew placed primary canisters at nine locations, duplicate canisters at two 
locations, and triplicate canisters at one location in the MWL.  In addition, canisters were placed 
at three background locations.  The canisters were removed from the site by the field crew on 
April 2, 2008.   
 
The radon-flux canisters were required to remain in position for a minimum of 24 hours, and 
actually remained on site for approximately 25 hours (from approximately 11 a.m. on April 1 to 
12 p.m. on April 2).  The radon analytical results (discussed in Section 5.1.1) are reported as 
flux, or the rate of concentration through an area, per unit time in pCi/m2s.  Therefore, the field 
crew was required to accurately measure and record the canister exposure time.  To operate 
effectively and accurately, the radon canisters require dry conditions and temperatures above 
35 degrees Fahrenheit (°F).  During the canister exposure time, no precipitation was reported, 
and the temperature never fell below 35°F.  In addition, 1 trip blank (TB) canister was included 
with the batch and analyzed (counted) with the other 16 canisters. 
 
 
4.3.2 Radon Sample Analysis 
 
The 17 canisters (including the TB) were analyzed at the ERG laboratory in Albuquerque, New 
Mexico, using EPA Method 115 (EPA April 1996).  The EPA Method requirements were met 
for the measurements.  In accordance with method quality assurance requirements, two 
independent standard charcoal sources (each containing a known quantity of radium-226) were 
used to calibrate the spectrometer, using identical geometry conditions to that of the canisters.  
The agreement between the two calibration factors was sufficient to meet quality assurance 
criteria (ERG April 2008, Appendix B).   
 
 
4.4 Tritium Soil Sampling 
 
The Geoprobe® sampling system was selected for tritium and VOC/methane sampling because, 
compared to hollow-stem auger or air-rotary drilling techniques, GeoprobeTM sampling 
techniques produce far less waste soil and minimize contaminant exposures to site workers and 
the environment.  All materials retrieved from the subsurface with the Geoprobe® sampling 
system are fully contained in the butyl acetate (BA) sampling sleeves.  In contrast, conventional 
drilling produces cuttings that could expose contaminants to site personnel or the environment, 
especially during windy conditions.  
 
Tritium soil sampling activities occurred from April 8 through April 11, 2008, and May 5 through 
May 27, 2008.  The field program took considerably more time to complete than originally 
expected; as a consequence, the sampling activities were conducted during two different time 
periods. 
 
The elevation of the MWL land surface that existed in 1995 (hereafter referred to as the “original 
grade”) had been modified by the recently installed subgrade soil layer (SNL/NM November 
2005).  The thickness of the subgrade soil layer was accounted for during the 2008 field 
program to facilitate collecting samples from depths similar to those collected in 1995.  The ER 
Geographic Information System personnel provided data that were used to calculate the 
location-specific depths to the original grade.  The depth to the original grade at the sampling 
locations ranges up to 2.5 feet below the current MWL land surface. 
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As shown in Table 4-2, tritium samples were collected from three locations in the MWL at 
depths of 10 and 30 feet below the original grade and from three locations (DP2, DP3, and DP5) 
at depths of 10, 30, and 50 feet below the original grade.  Samples from the two background 
locations were collected at depths starting at 10 and 30 feet bgs. 
 
 
4.4.1 Tritium Sample Collection Procedures  
 
Tritium samples were collected with a large, track-mounted, direct-push (Geoprobe®) 
Model 6620 DT rig provided by Earth Worx Environmental Services, LLC of Los Lunas, New 
Mexico (Figure 4-2).  The Geoprobe® rig and related equipment were initially decontaminated 
with a pressure washer at the decontamination facility in TA-III prior to sampling operations.  
Soil samples were collected with a 4-foot-long by 1-inch inside diameter Geoprobe® sampling 
tube lined with a BA sampling sleeve.   
 
The tritium analysis measures concentrations of tritium in soil moisture.  Because of the 
relatively dry subsurface soil conditions in and around the MWL, a minimum of 2 liters of soil 
was required by the analytical laboratory.  In order to obtain 2 liters of soil, a minimum of 
approximately 13 linear feet of soil-filled BA sleeves was required at each sampling depth 
interval.  Therefore, each sampling interval required a minimum of four 4-foot-long direct 
pushes.  Commonly, the BA sleeves were not completely filled with soil after a direct push into 
the sampling interval; therefore multiple direct pushes were required at one sampling location.  
In most cases, up to six direct pushes were necessary to meet the sample volume 
requirements. 
 
The Geoprobe® soil sample collection procedure is described as follows: 
 

• A solid, steel plug is fitted into the drive shoe at the bottom of the steel sampling 
tube.  

 
• The tube is driven in a direct push (in the closed position) to either the top of the 

first designated sampling interval or until subsurface refusal occurs (typically at 
7 or 8 feet below the original grade).  At depth, the steel plug is removed, and the 
sampling tube is fitted with a BA sleeve.   

 
• The now-opened sampling tube with the BA sleeve is then driven with the hydraulic 

hammer in a direct push to the top of the first sampling interval (10 feet below the 
original grade).   

 
• The BA sleeve is retrieved from the borehole, and waste soil that has collected in 

the BA sleeve above or below the designated sampling interval is emptied into a 
waste soil drum at the site.   

 
• The steel sampling tube is fitted with a new BA sleeve and then driven a total of 

4 feet into undisturbed soil to collect the soil sample.   
 
• The partially or completely soil-filled BA sleeve is retrieved, and the unfilled portion 

of the 4-foot BA sleeve is cut off with plastic cutting shears.   
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• The remaining filled portion of the sleeve is immediately capped with rubber end 
caps and sealed with tape.   

 
• The soil-filled BA sleeve was scanned for radiological contamination as described 

in Section 4.6 (Figure 4-3). 
 
Multiple direct pushes were completed using this procedure at each sampling location until the 
2-liter sample volume was collected.  Additional direct pushes were necessary to collect the 
NMED-required duplicate soil samples at two of the six MWL locations (DP5 and DP6).  
Duplicate soil samples were collected from the same depths as the corresponding primary soil 
samples.  The soil samples consisted of slightly damp to dry, compacted fine sand, silty sand, 
and silt.  A 2 to 3-foot-thick layer of rocky, caliche-rich soil that was difficult to penetrate was 
encountered in the six MWL borings at depths starting at 25 to 30 feet, depending on the 
location. 
 
Reusable Geoprobe® sample collection equipment was decontaminated in the following 
manner:  
 

• After each direct push, the reusable steel drive shoe is detached, and any excess 
soil adhering to the shoe is removed with a wire brush as a dry decontamination 
method. 

 
• The drive shoe is then decontaminated inside and out with a heavy paper wipe 

moistened with deionized (DI) water.   
 

• The decontaminated shoe is then attached to the sampling tube, and another 
sampling run is completed.  This is repeated for all direct pushes at a sampling 
location. 

 
• After the last direct push is completed at a location, the drive shoe, sampling tube, 

and drive pipe are all decontaminated using heavy paper wipes moistened with DI 
water. 

 
• The decontaminated equipment is then transported to the next location. 

 
 
4.4.2 Tritium Sample Analysis 
 
Aqueous EB samples were collected and analyzed for tritium by pouring DI water through a 
decontaminated sampling tube drive shoe and collecting the rinsate in the appropriate sample 
container.   
 
In order to prevent the loss of soil moisture during transfer into bottles, the samples were 
shipped in the capped BA sleeves.  Tritium EB and soil samples were shipped to the analytical 
laboratory (General Engineering Laboratories, Inc. in Charleston, South Carolina) with an 
analysis request/chain-of-custody (AR/COC) form containing the sample ID, sampling location, 
date, time, and depth.  The soil and EB samples required no special preservation during 
transport and storage and were analyzed for tritium by EPA Method 906.0 (EPA August 1980).   
 
All analytical data provided by the laboratory were reviewed and validated according to “Data 
Validation Procedure for Chemical and Radiochemical Data,” Administrative Operating 
Procedure (AOP) 00-03, Rev. 02 (SNL/NM July 2007).  
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4.5 VOC/Methane Sampling 
 
VOC/methane sampling activities occurred during April 9 and April 10, 2008, at the two 
background locations, DP7 and DP8, and from May 8 to May 27, 2008, at the remaining six 
locations (DP1 through DP6) in the MWL.  As shown in Figure 4-1 and Table 4-2, VOC/methane 
samples were collected from the same sampling locations and starting sampling depths as the 
tritium samples.  The VOC/methane locations were also specified by the NMED (NMED 
February 2008).  To avoid potentially drilling through buried waste, the sampling locations DP2 
and DP3 were relocated 20 feet west and 15 feet southwest, respectively, from their NMED-
designated locations. 
 
 
4.5.1 VOC/Methane Sample Collection Procedures  
 
VOC/methane sampling was conducted in accordance with procedures specified in SNL/NM 
Field Operations Procedure 94-21 “Shallow Soil Gas Sampling” (SNL/NM March 1994).  
VOC/methane samples were collected with the same Geoprobe® rig used for soil sample 
collection.  The soil-vapor sampling equipment was initially decontaminated at the TA-III 
decontamination pad prior to collecting VOC/methane samples.   
 
At each sampling location, the following procedures were used to collect the VOC/methane 
samples: 
 

• A reusable steel drive-point tip is attached to the steel drive pipe, and the tip and 
drive pipe are pushed to the desired sampling depths (10, 30, or 50 feet below the 
original grade of the MWL, and 10 and 30 feet bgs at the two background 
locations) using the Geoprobe® hydraulic hammer (Figure 4-4).  

 
• At the designated sampling depth, the drive pipe is extracted approximately 

6 inches to create a void between the tip and drive pipe that exposes the sampling 
equipment to the open borehole. 

 
• A new piece of ¼-inch-diameter polyethylene tubing is inserted into the drive pipe 

and attached to the steel drive point.   
 
• The tubing is then connected to a vacuum pump and the line is purged to remove 

stagnant gas from the sampling port and tubing. 
 
• A minimum of 1 cubic foot (28.3 liters) of soil-vapor is purged from the sampling 

tubing and formation.  During presample purging, soil-vapor is continuously 
screened for VOCs with a photoionization detector (PID) containing an ultraviolet 
lamp with an ionization potential of 11.8 electron volts.  (No VOCs were detected 
during field screening at any sampling interval at the VOC/methane locations.) 

 
• The pressure gauge on each 6-liter SUMMA™ canister is checked to confirm that 

the canister has not leaked since it left the laboratory.  Each SUMMA™ canister 
contains the proper presample vacuum of minus 26 inches of mercury. 
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• The SUMMA™ canister is filled until the pressure gauge on the canister reads 
minus 10 inches of mercury, and the canister valve is closed tightly. 

 
• After sampling is completed at a particular depth interval, the drive-point tip and 

drive pipe are then driven to the next sampling depth and the process repeated. 
 
• Field equipment used during the process is removed from the borehole and 

decontaminated by wiping the equipment with paper wipes moistened with DI 
water. 

 
• Decontaminated sampling equipment is then transported to the next sampling 

location. 
 
Duplicate VOC/methane samples were required from all sampling depths at Locations DP5 and 
DP6 in the MWL (Figure 4-1).  These duplicate samples were collected from the same depth 
interval as the primary samples by filling a second SUMMA™ canister immediately after the 
primary sample had been collected. 
 
 
4.5.2 VOC/Methane Sample Analysis 
 
The filled SUMMA™ canisters were shipped to the analytical laboratory (TestAmerica in Santa 
Ana, California) with an AR/COC form containing the sample ID, sampling location, date and 
time, depth, and ambient pressure.  The SUMMA™ canisters required no special preservation 
during transport and storage.  The soil-vapor samples were analyzed for VOCs plus methane by 
EPA Method TO-14A (EPA January 1999).  All analytical data provided by the laboratory were 
reviewed and validated according to “Data Validation Procedure for Chemical and 
Radiochemical Data,” AOP 00-03, Rev. 02 (SNL/NM July 2007). 
 
 
4.6 Field Screening for VOCs and Radiation 
 
A PID was also used during drilling activities to monitor VOC concentrations in the breathing 
zone (5 feet above ground).  No evidence of a release of VOCs to the surface as a result of the 
drilling and sampling activities was detected with the PID during the project. 
 
Because of the potential to drill into buried radioactive waste at the MWL, a radiological control 
technician (RCT) was present at all times during intrusive activities at the site.  The RCT 
performed continuous radiological screening of equipment used for subsurface sampling and of 
soil samples collected from the boreholes.  Equipment and soil samples were characterized by 
the RCT using real-time field instruments to survey sampling equipment and samples as soon 
as they were extracted from the subsurface.   
 
In addition, radiological screening was conducted using 2-inch-diameter paper disks that were 
swiped on the outside surfaces of all reusable sampling equipment and soil-filled sampling 
sleeves as they were removed from boreholes.  The swipe samples were analyzed via gamma 
spectroscopy and liquid scintillation methods by an on-site SNL/NM radiological laboratory.  The 
samples were temporarily stored in a secure storage building at the site pending the results of 
the radiological swipe surveys.  After Radiation Protection and Sample Management Office 
personnel determined the screening results acceptable, the samples were shipped to the off-site 
contract laboratory. 
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No evidence of radiological contamination was found on sampling equipment or samples during 
this project.  At the conclusion of the project, the Geoprobe® rig and associated equipment were 
screened for radiological contamination.  All equipment was cleared for release from the site by 
the RCT and allowed to leave the radiological-controlled area. 
 
 
4.7 Waste Generation and Management 
 
As specified by the requirements of the site-specific waste management plan, waste soil was 
transferred from the BA sleeves into a 5-gallon, plastic bucket at the sampling location and then 
into a 55-gallon, metal, waste soil storage drum at the site.  The partially filled waste soil drum 
was removed from the MWL at the conclusion of the project activities and the soil was 
characterized, managed, and disposed of in accordance with established SNL/NM waste 
disposal policies and procedures. 
 
Other types of waste that were generated (including PPE, empty BA sleeves, paper wipes used 
for equipment decontamination, plastic sheeting, etc.) were also containerized in steel drums 
and later removed from the site.  The analytical results for the waste characterization soil 
samples were also used to characterize the associated PPE and debris. 
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5.0   2008 FIELD INVESTIGATION RESULTS 

Investigation results for the 2008 radon, tritium, and VOC soil-vapor sampling are presented in 
this chapter.  The analytical results for both the 2008 field investigation work and the 1997 radon 
samples, 1995 tritium soil samples, and 1994 VOC soil-vapor samples are also presented in 
figures and tables in this chapter, in order to avoid unnecessary duplication in different sections 
of this report.  The old and new data are compared and discussed in Chapter 6.0.  
 
 
5.1 2008 Radon Sampling Results 
 
Figure 5-1 shows the 1997 and 2008 radon sampling locations and the analytical results for the 
samples collected at those locations.  Table 5-1 also presents the analytical results for the 1997 
and 2008 radon samples.  
 
 
5.1.1 2008 Radon Samples 
 
As described in Chapter 4.0, nine primary and four duplicate radon samples were collected in 
2008 at nine measurement locations (RN1 through RN9) in the MWL.  Duplicate canisters were 
placed adjacent to, and within, approximately 1 foot of one another at each of three MWL 
locations (RN1, RN3, and RN8) (Table 5-1) .  Three background measurements were also 
determined at three locations (RN10 through RN12) southeast, northeast, and northwest of the 
MWL (Figure 5-1).  
 
The observed radon concentrations range from 0.21 to 0.51 pCi/m2s in the MWL and 0.56 to 
0.65 pCi/m2s at the background locations.  The average value for the 13 primary and duplicate 
MWL samples is 0.33 pCi/m2s, which is less than the mean of 0.60 pCi/m2s for the three 
background measurements.  Therefore, the average radon concentration at the nine MWL 
locations is approximately one-half of the average concentration at the three background 
locations.  
 
 
5.1.2 Radon Quality Assurance and Primary/Duplicate Sample Comparison 
 
One TB was included with the radon samples and was counted with the canisters.  The 
measured radon concentration of the TB, which is –0.03 pCi/m2s, is near the expected 
0.00 pCi/m2s value.  The TB result indicates that the canisters had not been exposed to radon, 
confirming that the integrity of the bags that contained the canisters had not been compromised.  
 
As shown in Table 5-1, one primary and one duplicate radon canister were placed at each of 
two locations (RN1 and RN8), and one primary and two duplicate canisters were placed at 
Location RN3 at the MWL.  The radon sample analytical results for the primary and duplicate 
canisters at Location RN1 are 0.35 and 0.36 pCi/m2s, respectively.  The results for the primary 
and two duplicate canisters at Location RN3 are 0.21, 0.30, and 0.25 pCi/m2s, respectively.  
Radon sampling results for the primary and duplicate canisters placed at Location RN8 are both 
0.28 pCi/m2s.   
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The summary report provided by the radon canister supplier (ERG) for the 2008 MWL radon flux 
study is provided in Appendix B (ERG April 2008). 
 
 
5.2 2008 Tritium Sampling Results and Risk Assessment 
 
Figure 5-2 shows the locations and tritium results for the 1995 and 2008 sampling events at the 
10-, 30- and 50-foot depth intervals.  Table 5-2 also presents the 1995 and 2008 tritium 
concentration data, sorted by sampling depth.  
 
 
5.2.1 Tritium Sample Analyses 
 
Tritium concentrations in the 2008 samples range from 165 to 3.95E+07 pCi/L (both estimated 
concentrations) in the six MWL borehole locations (DP1 through DP6), and from ND to 
260 pCi/L (estimated concentration) in the two background borehole locations (DP7 and DP8).  
The highest MWL tritium concentration was detected in the primary sample from DP5 at the 
10-foot depth interval.  However, as shown in Table 5-2, the duplicate sample from this same 
location and depth interval contained 1.57E+07 pCi/L of tritium, which is less than one-half of 
that found in the primary sample.  
 
Tritium concentration ranges and means for the 2008 samples at the three sampling depths in 
both MWL and background boreholes are summarized in Table 5-3.  The highest mean and 
maximum concentrations were found in the 10-foot samples, and the maximum concentrations 
and means for the 30- and 50-foot samples show a decreasing trend with depth. 
 
 
5.2.2 Tritium Primary and Duplicate Sample Comparison and Data Validation 
 
As specified in the NMED Notice of Approval Letter for the SV SAP (NMED February 2008), 
duplicate tritium samples were also collected from the 10-, 30-, and 50-foot intervals at DP5 and 
from the 10- and 30-foot intervals at DP6.  Relative percent differences (RPDs) were calculated 
for tritium concentrations detected in the primary and duplicate sample pairs and are presented 
in Table 5-4.  Tritium concentration RPD values for the primary and duplicate sample pairs 
range from 10.98 to 86.23.  No quality control acceptance criteria for the evaluation of field 
duplicates are currently in place.   
 
All laboratory tritium data were also reviewed and verified/validated according to “Procedure for 
Electronic Data Deliverable (EDD) Processing, SMO-05-04, Issue 01, April 2007” (SNL/NM April 
2007a); “Procedure for Completing the Contract Verification Review (CVR), SMO-05-03, 
Issue 03, April 2007” (SNL/NM April 2007b); and “Data Validation Procedure for Chemical and 
Radiochemical Data,” AOP 00-03, Rev. 02 (SNL/NM July 2007).  Appendix C contains the data 
validation reports for the 2008 tritium soil samples collected at this site.  The data verification 
and validation review indicated that the tritium sample analytical results are acceptable for MWL 
site characterization purposes.   
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5.2.3 Tritium Equipment Blank Sample Results 
 
A total of 13 aqueous tritium EB samples were collected during tritium soil sampling activities at 
the site.  The analytical results for the EB samples are presented in Table 5-2.  Tritium was not 
detected in any of the EBs, which indicates that the equipment decontamination procedures 
used during collection of the tritium soil samples were acceptable.  This demonstrates that 
transfer and cross-contamination of tritium between sampling locations from reusable sampling 
equipment did not occur. 
 
 
5.2.4 2008 Tritium Risk Assessment 
 
The maximum detected tritium activity in soil for the MWL April–May 2008 sampling event is 
3.95E+07 pCi/L in the sample from DP5 at the 10-foot depth interval.  For purposes of this risk 
assessment, a very conservative assumption was made that this tritium concentration is present 
on the surface of the MWL (rather then at 10 feet below the original MWL grade or 11.5 feet 
below the current surface where it was actually detected) and that direct contact with receptors 
is possible.  The shielding effect of 11.5 feet of soil was not considered in the calculation.   
 
This sample contained a gravimetric soil-moisture content of 3.56 percent, which converts to a 
tritium activity of approximately 1.41E+03 picocuries per gram (pCi/g).  Based upon this activity, 
a corresponding dose was calculated using the RESRAD [residual radiation] computer program  
(Argonne National Laboratory July 2001) and the same methodology followed by the ER 
Project.  These doses are summarized as follows for both the residential and industrial land-use 
scenarios. 
 
The incremental total effective dose equivalent (TEDE) for the residential land-use scenario is 
4.5E-01 millirem per year (mrem/yr).  For comparison, the guideline being used is an excess 
TEDE of 75 mrem/yr (SNL/NM February 1998) for a complete loss of institutional controls 
(residential land use in this case).  Therefore, the calculated dose value for the residential land-
use scenario is approximately two orders of magnitude below this guideline, even with the 
extremely conservative assumption that surface contact is possible.  The estimated excess 
cancer risk is 7.1E-07.   
 
For the industrial land-use scenario, a TEDE was calculated that resulted in an incremental 
TEDE of 6.7E-04 mrem/yr.  In accordance with EPA guidance found in Office of Solid Waste 
and Emergency Response Directive No. 9200.4-18 (EPA 1997), an incremental TEDE guideline 
of 15 mrem/yr is used for the probable land-use scenario (industrial in this case); the calculated 
dose value for the industrial land-use scenario is approximately four orders of magnitude below 
this guideline as well.  The estimated excess cancer risk is 6.5E-09.   
 
Surface tritium soil samples have been collected on an annual basis at the northeast, northwest, 
southwest, and southeast corners of the MWL since 1985.  These MWL samples are collected 
as part of the SNL/NM Terrestrial Surveillance Monitoring Program and the results are reported 
on an annual basis in the “Annual Site Environmental Report for Sandia National Laboratories, 
New Mexico” (SNL/NM September 2007b).  The latest samples were collected from the 
northeast, northwest, southwest, and southeast MWL corners on June 5, 2007, and contained 
tritium concentrations of 309, 218, 223, and 182 pCi/L, respectively.  These concentrations are 
less than the SNL/NM background concentration of 420 pCi/L for tritium in soil (Tharp February 
1999).  These data demonstrate that concentrations of tritium being released from surface soil 
at the MWL are below background levels and that these releases pose no threat to human 
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health or the environment.  These concentrations are also far below the trigger of 2.00E+04 
pCi/L for tritium in surface soil presented in the “Long-Term Monitoring and Maintenance Plan 
[LTMMP] for the Mixed Waste Landfill, Sandia National Laboratories/New Mexico, 
Environmental Restoration Project” (SNL/NM September 2007a).   
 
 
5.3 2008 VOC/Methane Soil-Vapor Sampling Results  
 
The 2008 VOC sampling locations are shown in Figure 4-1.  For ease of comparability, 
analytical results for dichlorodifluoromethane (CFC-12), tetrachloroethene (PCE), 
trichloroethene (TCE), and total VOCs in both the 1994 and 2008 soil-vapor samples are 
presented (the comparison is discussed in Chapter 6.0).  Figures 5-3, 5-4, 5-5, and 5-6 show 
the locations and  concentrations of the 1994 and 2008 sampling locations at the 10-, 30- and 
50-foot depth intervals for CFC-12, PCE, TCE, and total VOCs, respectively.  Tables 5-5 and 
5-6 include CFC-12, PCE, TCE, and total VOC results for 1994 and 2008 samples at the 10- 
and 30-foot sampling depths. Table 5-7 presents 2008 results for the three constituents and 
total VOCs for the 50-foot depth only, as no 50-foot depth soil-vapor samples were collected in 
1994.  Finally, Table 5-8 presents methane-only results for the 2008 soil-vapor samples, 
as methane was required as an additional analyte by the NMED (NMED February 2008).  
Table 5-9 provides the method detection limits (MDLs) for the soil-vapor samples.   
 
 
5.3.1 VOC/Methane Sample Analyses 
 
The number of individual VOCs detected in each of the 2008 soil-vapor samples was variable, 
up to a maximum of 50 compounds.  Most of the compounds were detected at very low 
concentrations (less than 10 ppbv).  The analytical data reports that present all VOCs detected 
in the 2008 samples are provided in Appendix D. 
 
The range of concentrations for CFC-12, PCE, TCE, total VOCs, and methane detected in the 
2008 samples from the six MWL locations (DP1 through DP6) and two background 
locations (DP7 and DP8), as well as the locations at which the highest concentrations were 
found, are summarized in Table 5-10.  In general, the highest total VOC concentrations at the 
six MWL borehole locations were detected in the 30-foot samples, and the lowest levels were 
detected in the 50-foot samples, although the highest total VOC concentration (1.33E+03 ppbv) 
was also found in a 50-foot MWL sample.  The highest methane concentration (5.40E+06 ppbv) 
was also detected in a 50-foot sample. 
 
 
5.3.2 VOC/Methane Primary and Duplicate Sample Comparison and 

Data Validation 
 
As specified in the NMED Notice of Approval Letter for the SV SAP (NMED February 2008), 
duplicate VOC and methane samples were collected from the 10-, 30-, and 50-foot intervals in 
DP5 and in the 10- and 30-foot intervals in DP6.  RPDs were calculated for CFC-12, PCE, TCE, 
total VOCs, and methane concentrations detected in the primary and duplicate sample pairs 
and are presented in Table 5-11.  As shown in Table 5-11, RPD values for the three individual 
VOCs, total VOCs, and methane concentrations in the primary and duplicate sample pairs 
range from 0.0 to 197.49.  No quality control acceptance criteria for the evaluation of field 
duplicates are currently in place.   



 

AL/8-08/WP/SNL08:R6000.doc  840857.04.33.00.00  08/13/08 3:39 PM 5-5

All laboratory VOC data were also reviewed and verified/validated according to “Procedure for 
Electronic Data Deliverable (EDD) Processing, SMO-05-04, Issue 01, April 2007” (SNL/NM April 
2007a); “Procedure for Completing the Contract Verification Review (CVR), SMO-05-03, 
Issue 03, April 2007” (SNL/NM April 2007b); and “Data Validation Procedure for Chemical and 
Radiochemical Data,” AOP 00-03, Rev. 02 (SNL/NM July 2007).  Appendix E contains the data 
validation reports for the VOC samples collected at this site.  The data verification and validation 
review indicated that the VOC sample analytical results are acceptable for MWL site 
characterization purposes.   
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6.0   SUMMARY OF RESULTS AND COMPARISON OF INVESTIGATIONS 

This chapter summarizes and compares the results of the 1994 Soil-Vapor VOC, 1995 tritium, 
and 1997 radon investigations with the radon, tritium, and VOC investigations completed at the 
MWL in 2008, which are presented in Chapter 5.0.  Applicable or relevant action levels are also 
discussed. 
 
 
6.1 1997 and 2008 Radon Sample Comparison 
 
The analytical results for the radon sampling conducted in 1997 and 2008 are presented in 
Figure 5-1 and Table 5-1 in Chapter 5.0.  As shown in Figure 5-1, radon samples were collected 
from a total of 101 locations in and around the MWL in 1997 and 2008.  Radon samples were 
collected from 21 locations around the perimeter of the MWL (18 in 1997 and 3 in 2008) and 
from 80 locations in the landfill (71 in 1997 and 9 in 2008).   
 
The 1997 and 2008 MWL perimeter/background radon values and MWL radon values are 
plotted separately in Figure 6-1.  The Figure 6-1 log-probability plot and other similar figures 
presented in this chapter were generated using Minitab 15TM statistical plotting software.  
The figure contains pertinent summary statistics (N, mean, standard deviation, and 
minimum/median/maximum) for the data sets.  For ease of viewing, the data were plotted on a 
log-probability scale.  This allows the reader to see the range and variability of all the data at a 
glance.  In order to construct the plot, all data were sorted from the lowest to the highest radon 
concentration, without respect to location.  These log-probability plots are constructed such that 
one-half of the data points plot to the left, and one-half of the data points plot to the right, of the 
50-percent value on the X-axis. 
 
As shown in Figure 6-1, there is little difference between the mean, median, and minimum and 
maximum radon values for the 1997 and 2008 MWL radon data sets.  The mean and maximum 
radon values at the MWL in 1997 were 0.35 and 1.00 pCi/m2s, respectively, and 0.33 and 
0.51 pCi/m2s, respectively, for the 2008 samples.   
 
The mean and maximum radon values for the 1997 perimeter (background) locations were 
0.39 and 0.66 pCi/m2s, respectively, and 0.60 and 0.65 pCi/m2s for the 2008 background 
locations.  The background mean for the 1997 samples is slightly lower than that for the 2008 
background samples, and the maximum radon values are essentially the same.  The 1997 
background radon samples were collected within approximately 50 feet of the MWL, and the 
2008 background radon samples were collected at three locations approximately 300 to 
400 feet away from the MWL (Figure 5-1).  These data indicate that the radon emissions from 
the naturally occurring sediments surrounding the MWL are essentially the same as those from 
the MWL itself.  The two data sets also show that radon emissions from the MWL and 
background areas have not changed from 1997 to 2008.  In addition, radon levels in both the 
1997 and 2008 samples are one order of magnitude below the EPA 40 CFR 192 standard and 
the MWL cover design standard of 20 pCi/m2s presented in the LTMMP for the MWL (SNL/NM 
September 2007a). 
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6.2 1995 and 2008 Tritium Sample Comparison 
 
In Chapter 5.0, data and locations of the 1995 and 2008 tritium samples and the tritium 
concentrations that were detected at the 10-, 30-, and 50-foot depths in both 1995 and 2008 are 
presented in Table 5-2 and Figure 5-2.  The 1995 tritium sampling results were originally 
reported in units of pCi/L by the analytical laboratory that performed the analyses.  The results 
were then converted to pCi/g and presented in Table 4.6-8 of the “Report of the Mixed Waste 
Landfill Phase 2 RCRA Facility Investigation, Sandia National Laboratories, Albuquerque, New 
Mexico,” SAND Report SAND2002-2997 (SNL/NM September 2002).  The tritium analytical 
results for the 1995 samples that are presented in Table 5-2 and Figure 5-2 were obtained 
directly from the analytical laboratory certificate of analyses reports and are again expressed in 
the original units (pCi/L) reported by the laboratory. 
 
Because none of the 2008 tritium samples were collected from the same locations that were 
sampled in 1995, a direct comparison of 1995 and 2008 tritium concentrations was not possible.  
The 2008 and 1995 boreholes and locations in closest proximity to each other are DP6, which is 
located approximately 35 feet northeast of Borehole BH-5 and approximately 45 feet southwest 
of borehole BH-6.  All three of these locations are near the northwest corner of the landfill 
(Figure 5-2).  As shown in Table 6-1, tritium concentrations in the 10-foot samples from these 
three borehole locations are similar, while the 30-foot samples exhibit greater variability.  Tritium 
concentrations for the 50-foot samples from BH-5 and BH-6 are also similar (50-foot samples 
were not collected at the 2008 DP6 location).   
 
The 2008 DP3 location is the next-closest sampling location to 1995 boreholes.  DP3 is located 
approximately 50 feet west and 50 feet east of 1995 Boreholes BH-11 and BH-12, respectively.  
All three of these locations are near the southern end of the classified area (Figure 5-2).  Tritium 
concentrations in the 10-, 30-, and 50-foot samples from these three borehole locations exhibit 
substantial variability, as shown in Table 6-2.  The highest tritium concentration at these three 
locations was detected in the 30-foot sample from BH-12.  
 
In addition, the two highest tritium concentrations in the 2008 samples (3.95E+07 J and 
1.57E+07 J pCi/L) were detected in the primary and duplicate sample pair from the 10-foot 
depth interval at DP5.  This primary/duplicate sample pair indicates that the tritium 
concentrations can vary significantly in individual samples that are collected at the same depths 
and in close proximity to each other (less than 5 feet apart in this case). 
 
Figure 6-2 was presented in the 2002 MWL SAND report (SNL/NM September 2002) and is a 
plan view that shows the results of tritium surface sampling that was conducted at the landfill in 
1993.  The contours shown in this figure are based upon a total of 92 surface soil samples 
that were collected from the surface of the MWL and northwest of the landfill.  This figure 
demonstrates that the highest surface tritium concentrations were found in the northern portion 
of the MWL in 1993. 
 
Figures 6-3, 6-4, and 6-5 present tritium concentration isopleths in plan view for the 2008 MWL 
samples at the 10-, 30-, and 50-foot depth intervals, respectively.  The isopleth contouring 
pattern shown in these figures is based upon six sampling locations for each of the 10- and 
30-foot depth intervals and only three locations for the 50-foot depth.  In spite of this limitation, 
these figures demonstrate that the tritium concentration isopleths decrease with depth and that 
the maximum tritium concentrations are centered on DP5 in the northwest area of the landfill. 
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Figure 6-6 is a plot that shows the tritium concentrations for both 1995 and 2008 samples at the 
10-, 30-, and 50-foot depths.  The “N*” in the statistical text box of this figure denotes the 
number of tritium ND results in the 1995 data set.  Tritium ND results are defined as laboratory-
reported values that are either negative numbers or values less than the analytical error 
(Table 5-2).  As shown in Figure 5-2, 1995 tritium samples were collected from 15 boreholes 
that were located around the perimeter of the MWL, and none of the 1995 samples were 
collected in the MWL.  In 2008, tritium samples were collected from six borehole locations in the 
landfill, and from two background locations southwest of the MWL.  The 2008 borehole location 
DP5, where the highest tritium concentrations were found, is located between, and close to, the 
edges of two waste disposal trenches in the northwestern portion of the MWL.  The overall 
higher tritium concentrations detected in the 2008 samples were expected because most of 
these samples were collected in close proximity to waste pits and trenches in the landfill.   
 
 
6.3 1994 and 2008 Soil-Vapor VOC Comparison 
 
Figures and tables showing sampling locations and analytical results for CFC-12, PCE, TCE, 
total VOCs, and methane are presented in Chapter 5.0.  The three VOC constituents that were 
detected at the highest concentrations in the 1994 soil-vapor samples included CFC-12, PCE, 
and TCE.  Total VOCs in soil-vapor were also reported for the 1994 samples (SNL/NM 
September 1996).  Therefore, these same three constituents and total VOCs in the 2008 
samples were also selected for comparison with the 1994 data. 
 
The analytical results for 98 individual VOCs plus methane were reported by the laboratory for 
the 2008 samples.  As described in Section 5.3.1, up to 50 individual VOCs were detected in the 
2008 soil-vapor samples but most were detected at very low concentrations (less than 10 ppbv), 
whereas up to eight individual VOCs were detected and reported for the 1994 active soil-vapor 
samples.  The MDLs for the 1994 samples range from 10 to 1,000 ppbv.  Laboratory analytical 
methodology and instrumentation have improved considerably since 1994, and much lower 
levels of analytical sensitivity are now possible.  As a result, MDLs for the 2008 samples range 
from 0.5 to 25 ppbv, with all but 12 of those compounds having MDLs of less than 5 ppbv, and 
only one (benzyl chloride) having an MDL greater than 10 ppbv (Table 5-9).  Improvements in 
laboratory analytical instrumentation are therefore the reason why more individual VOCs were 
detected in the 2008 samples, compared with the 1994 samples. 
 
As shown in Table 5-8, methane concentrations range from ND to 4.30E+03 J ppbv in the 2008 
MWL soil-vapor samples collected at 10 feet; ND to 2.20E+05 ppbv in the 30-foot MWL 
samples; and from ND to 5.40E+06 ppbv in the 50-foot MWL samples.  Methane was not 
reported, nor was it an analyte for the 1994 soil-vapor samples.  Very little to no methane was 
detected in the 10-foot samples, and somewhat elevated methane levels were detected only in 
the 30- and 50-foot samples from DP3. 
 
As shown in Table 6-3, the mean, median, and maximum values for CFC-12, PCE, TCE, and 
total VOCs have all decreased markedly from 1994 to 2008.  Vadose zone triggers for PCE, 
TCE, and total VOCs detected in MWL soil-vapor samples are presented in the LTMMP for the 
MWL (SNL/NM September 2007a).  Trigger levels are 2.00E+04 ppbv for PCE and TCE, and 
2.50E+04 ppbv for total VOCs.  The maximum concentrations of PCE and TCE in the 1994 
samples were less than the respective LTMMP triggers (SNL/NM September 2007a), and total 
VOCs exceeded the trigger.  In 2008, the maximum concentrations of PCE, TCE, and total 
VOCs are all much lower than the respective triggers.  
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Figures 6-7 through 6-10 show concentrations in active soil-vapor samples for CFC-12, PCE, 
TCE, and total VOC samples, respectively, collected at the 10- and 30-foot depths (1994 and 
2008 samples) and at 50 feet (2008 samples only).  For plotting purposes, ND results were 
converted to values that are one-half of the MDL.  It is apparent from these four figures that 
overall concentrations of CFC-12, PCE, TCE, and total VOCs have declined at the MWL since 
1994.   
 
 
6.4 Overall Comparison 
 
A comparison of the mid-1990s and 2008 radon, tritium, and VOC sample data showed that: 
 

• Radon emissions from the MWL were at background levels in the 1997 and 2008 
samples and have not changed over time. 

 
• Tritium concentrations in the 2008 soil samples are in general higher than those in 

the 1995 samples because most of the 2008 samples were collected in the landfill, 
while the 1995 samples were collected from around the MWL perimeter. 

 
• CFC-12, PCE, TCE, and total VOC concentrations in the 2008 soil-vapor samples 

are lower than those in the 1994 samples. 
 
The results of this investigation are consistent with the MWL conceptual model and support the 
recommendations described in the MWL LTMMP (SNL/NM September 2007a) to complete the 
vegetative soil cover with a biointrusion barrier and continue long-term air, biota, surface soil, 
vadose zone, and groundwater monitoring to ensure that the final remedy for the MWL is 
protective of human health and the environment.  The half-life of tritium is 12.6 years, and tritium 
concentrations will continue to decrease over time.  If the current trend continues, VOC 
concentrations would also be expected to continue to decline over time.  Completing the cover 
will also further reduce the potential for infiltration of precipitation into the subsurface of the 
landfill.    
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7.0   RECOMMENDATIONS 

This chapter presents recommendations for future activities at the MWL based upon the 2008 
radon, tritium, and VOC sampling results.   
 
 
7.1 Radon Monitoring 
 
Radon sampling on the surface of the MWL, completed in both 1997 and 2008, shows that 
background levels of radon are being released from the landfill.  The mean and maximum radon 
concentrations at the nine 2008 MWL radon sampling locations are also lower than 
concentrations detected at the three 2008 background locations. 
 
Continued monitoring for radon is recommended in the LTMMP for the MWL (SNL/NM 
September 2007a).  The proposed radon monitoring will be conducted on a quarterly basis in 
Years 1 and 2 following cover completion to establish initial concentration data, then on a 
semiannual basis for Years 3 and 4, and then on an annual basis in Year 5 and subsequent 
years.  Completion of the MWL cover installation, as described in the MWL CMI Plan (SNL/NM 
November 2005), should further reduce radon emissions from the MWL.  It is recommended 
that radon monitoring at the MWL be conducted as described in the LTMMP. 
 
 
7.2 Tritium Monitoring 
 
Studies conducted at the MWL in 1992, 1993, and 2003 revealed that the tritium flux from the 
MWL to the atmosphere is at low levels and does not pose a threat to human health or the 
environment.  These studies indicate that, as expected, tritium released from the landfill to the 
atmosphere declined significantly from 1993 to 2003 (SNL/NM September 2007a).   
 
The SNL/NM Terrestrial Surveillance Program has monitored concentrations of tritium in surface 
soil at four corners of the MWL on an annual basis since 1985.  These concentrations have 
been diminishing with time due to natural radioactive decay of tritium, and the tritium 
concentrations in the latest surface soil samples collected at the site in June 2007 were all 
below background values (SNL/NM September 2007b).  Tritium concentrations at the landfill 
surface do not pose a threat to human health or the environment.  
 
Continued surface soil sampling at the four corners of the landfill on an annual basis for 
long-term tritium monitoring is proposed in the MWL LTMMP.  Tritium is very mobile and should 
a significant release from the landfill contents occur, increased tritium would be detected in soil 
samples during the annual sampling events.  A significant release is defined as a release 
greater than the proposed LTMMP trigger of 2.00E+04 pCi/L of tritium in surface soil (SNL/NM 
September 2007a).  It is therefore recommended that the surface tritium sampling described in 
the LTMMP be implemented. 
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7.3 Vadose Zone VOC Monitoring 
 
The 1994 and 2008 soil-vapor VOC data demonstrate that VOC concentrations in soil-vapor at 
10 and 30 feet bgs have decreased since 1994.  In addition, CFC-12, PCE, TCE, and total VOC 
concentrations in the 50-foot samples collected in 2008 are less than those in the 30-foot 
samples, which indicate that soil-vapor VOC concentrations decrease with depth. 
 
Continued monitoring for vadose zone VOCs is recommended in the LTMMP for the MWL 
(SNL/NM September 2007a).  Three soil-vapor monitoring wells will be constructed at the MWL.  
Soil-vapor sampling ports will be installed at depths of 50, 100, 200, 300, and 400 feet bgs.  
Soil-vapor VOC data collected from the wells will be used to further assess current VOC 
distributions with depth and to monitor VOC concentrations over time, allowing early 
identification of any potential threats to groundwater.  The VOC data from the wells will also be 
included in the MWL fate and transport model updated every five years.  It is therefore 
recommended that vadose zone VOC monitoring plans presented in the LTMMP be 
implemented. 
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FIGURES 



Figure 1-1
Location of Sandia National Laboratories and Kirtland Air Force Base
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Figure 4-2 
Collecting Tritium Soil Samples with the Geoprobe® at the 

Mixed Waste Landfill, April 10, 2008 (view to the northeast). 



 

 

 
 

Figure 4-3 
Scanning a Soil-Filled Geoprobe® Butyl Acetate Sleeve for 

Radiological Contamination at the Mixed Waste Landfill, April 11, 2008 
(view to the east). 



 

 

 
 

Figure 4-4 
Collecting a Soil-Vapor VOC Sample at the 

Mixed Waste Landfill, May 14, 2008 (view to the west). 
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1997 Radon sampling location and result (pCi/m2s)
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Figure 5-2
1995 and 2008 Tritium Soil

Sampling Locations and Sample Results
at 10-, 30-, and 50-Foot Depths

at the Mixed Waste Landfill
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Figure 5-3
1994 and 2008 Soil-Vapor

Dichlorodifluoromethane (CFC-12)
Sampling Locations and Sample Results

at 10-, 30-, and 50-Foot Depths
at the Mixed Waste Landfill
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Figure 5-4
1994 and 2008 Soil-Vapor
Tetrachloroethene (PCE)

Sampling Locations and Sample Results
at 10-, 30-, and 50-Foot Depths

at the Mixed Waste Landfill
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Figure 5-5
1994 and 2008 Soil-Vapor

Trichloroethene (TCE) Sampling
Locations and Sample Results
at 10-, 30-, and 50-Foot Depths

at the Mixed Waste Landfill
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Figure 5-6
1994 and 2008 Soil-Vapor Total

Volatile Organic Compound (VOC)
Sampling Locations and Sample
Results at 10-, 30-, and 50-Foot

Depths at the Mixed Waste Landfill
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Figure 6-1 
Comparison of 1997 and 2008 Radon Sample 
Analytical Results at the Mixed Waste Landfill 
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Figure 6-2
1993 Tritium Surface Soil Sampling Results at the Mixed Waste Landfill
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Figure 6-6 
Comparison of 1997 and 2008 Tritium Soil Sample 

Analytical Results for 10-, 30-, and 50-Foot-Depth Samples at the Mixed Waste Landfill 
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2008 CFC-12      24           43       39        0.50        35         110
1994 CFC-12      72         1336   4902        5           50       2.90E+04
                        Count      Mean  StDev     Min       Median    Max
                         Total

 
 

Figure 6-7 
Comparison of 1994 and 2008 CFC-12 Soil-Vapor Sample 

Analytical Results at the Mixed Waste Landfill 
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Figure 6-8 
Comparison of 1994 and 2008 PCE Soil-Vapor Sample 

Analytical Results at the Mixed Waste Landfill 
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2008 TCE      24        39          45       0.50     17        140
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Figure 6-9 
Comparison of 1994 and 2008 TCE Soil-Vapor Sample 

Analytical Results at the Mixed Waste Landfill 
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Figure 6-10 
Comparison of 1994 and 2008 Total VOC Soil-Vapor Sample 

Analytical Results at the Mixed Waste Landfill 
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Table 4-1 
Summary of 2008 Radon Sample IDs and Locations at the Mixed Waste Landfill 

 
Sampling Location 

(Figure 4-1) Sample Description Sample ID 
RN1 Surface of the MWL MWL-RN1 
RN2 Surface of the MWL MWL-RN2 
RN3 Surface of the MWL MWL-RN3 
RN4 Surface of the MWL MWL-RN4 
RN5 Surface of the MWL MWL-RN5 
RN6 Surface of the MWL MWL-RN6 
RN7 Surface of the MWL MWL-RN7 
RN8 Surface of the MWL MWL-RN8 
RN9 Surface of the MWL MWL-RN9 
RN10 Background surface location, southeast of the MWL MWL-RN10 
RN11 Background surface location, northeast of the MWL MWL-RN11 
RN12 Background surface location, northwest of the MWL MWL-RN12 

ID = Identification number. 
MWL = Mixed Waste Landfill. 
RN = Radon. 
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Table 4-2 
Summary of 2008 Soil-Vapor VOC and Tritium Soil Sample IDs and Sample Depths at the Mixed Waste Landfill 

 

Sampling 
Location 

(Figure 4-1) 
Boring 

Location 
Borehole 

ID 
Soil-Vapor VOC 

Sample ID 
Soil Tritium 
Sample ID 

Sample Depths 
(ft)  

(below original 
landfill surface) 

Soil-Vapor VOC 
Duplicate Sample ID 

Soil Tritium  
Duplicate Sample ID 

DP1 MWL MWL-DP1 MWL-DP1-10-SG 
MWL-DP1-30-SG 

MWL-DP1-10-S 
MWL-DP1-30-S 

10 
30 

NA NA 

DP2 MWL MWL-DP2 MWL-DP2-10-SG 
MWL-DP2-30-SG 
MWL-DP2-50-SG 

MWL-DP2-10-S 
MWL-DP2-30-S 
MWL-DP2-50-S 

10 
30 
50 

NA NA 

DP3 MWL MWL-DP3 MWL-DP3-10-SG 
MWL-DP3-30-SG 
MWL-DP3-50-SG 

MWL-DP3-10-S 
MWL-DP3-30-S 
MWL-DP3-50-S 

10 
30 
50 

NA NA 

DP4 MWL MWL-DP4 MWL-DP4-10-SG 
MWL-DP4-30-SG 

MWL-DP4-10-S 
MWL-DP4-30-S 

10 
30 

NA NA 

DP5 MWL MWL-DP5 MWL-DP5-10-SG 
MWL-DP5-30-SG 
MWL-DP5-50-SG 

MWL-DP5-10-S 
MWL-DP5-30-S 
MWL-DP5-50-S 

10 
30 
50 

MWL-DP5-10-SG-DUP 
MWL-DP5-30-SG-DUP 
MWL-DP5-50-SG-DUP 

MWL-DP5-10-S-DUP 
MWL-DP5-30-S-DUP 
MWL-DP5-50-S-DUP 

DP6 MWL MWL-DP6 MWL-DP6-10-SG 
MWL-DP6-30-SG 

MWL-DP6-10-S 
MWL-DP6-30-S 

10 
30 

MWL-DP6-10-SG-DUP 
MWL-DP6-30-SG-DUP 

MWL-DP6-10-S-DUP 
MWL-DP6-30-S-DUP 

DP7 Approximately 
525 ft 

southwest of 
the MWL 

MWL-DP7 MWL-DP7-10-SG 
MWL-DP7-30-SG 

MWL-DP7-10-S 
MWL-DP7-30-S 

10 
30 

NA NA 

DP8 Approximately 
665 ft 

southwest of 
the MWL 

MWL-DP8 MWL-DP8-10-SG 
MWL-DP8-30-SG 

MWL-DP8-10-S 
MWL-DP8-30-S 

10 
30 

NA NA 

Equipment 
Blank 

NA NA NA MWL-EB1, 
-EB2, etc. 

NA NA NA 

DP = Direct-push. 
DUP = Duplicate. 
EB = Equipment blank. 
ft = Foot (feet). 
ID = Identification number. 
MWL = Mixed Waste Landfill. 
NA = Not applicable. 
S = Soil. 
SG = Soil-gas. 
VOC = Volatile organic compound. 
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Table 5-1 
Summary of 1997 and 2008 Radon Sampling Results at the Mixed Waste Landfill 

 
Location ID  
(Figure 5-1) 

Flux 
pCi/m2s 

Flux Error 
pCi/m2s 

LLD 
pCi/m2s 

September–October 1997 MWL Samples 
1 0.413 0.17 0.26 
2 0.33 0.15 0.22 
3 0.44 0.17 0.25 
4 0.30 0.27 0.43 
5 0.68 0.18 0.26 
6 0.58 0.28 0.43 
7 0.55 0.28 0.43 
8 0.15 0.16 0.25 
9 0.28 0.16 0.25 
10 0.44 0.15 0.22 
11 0.43 0.17 0.25 
12 0.061 0.16 0.26 
13 0.63 0.29 0.43 
14 0.095 0.15 0.24 
15 0.52 0.28 0.43 
16 0.35 0.17 0.26 
17 0.16 0.16 0.26 
18 0.099 0.16 0.25 
19 0.30 0.16 0.25 
20 0.30 0.28 0.44 
21 0.23 0.17 0.26 
22 0.39 0.16 0.25 
23 0.45 0.17 0.26 
24 0.18 0.16 0.26 
25 0.19 0.14 0.22 
26 0.26 0.16 0.25 
27 0.33 0.15 0.22 
28 0.33 0.16 0.24 
29 0.026 0.16 0.26 
30 0.20 0.16 0.26 
31 0.61 0.28 0.43 
32 0.58 0.17 0.25 
33 0.18 0.16 0.26 
34 0.18 0.16 0.26 
35 0.19 0.16 0.26 
36 0.25 0.16 0.25 
37 0.38 0.17 0.25 
38 0.29 0.16 0.24 
39 0.19 0.17 0.26 
40 0.12 0.16 0.26 
41 0.41 0.17 0.26 
42 0.60 0.17 0.25 
43 0.19 0.16 0.16 

Refer to footnotes at end of table. 
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Table 5-1 (Continued) 
Summary of 1997 and 2008 Radon Sampling Results at the Mixed Waste Landfill 

 
Location ID  
(Figure 5-1) 

Flux 
pCi/m2s 

Flux Error 
pCi/m2s 

LLD 
pCi/m2s 

September–October 1997 MWL Samples (Continued) 
44 0.72 0.29 0.29 
45 0.15 0.16 0.26 
46 0.33 0.16 0.24 
47 0.57 0.15 0.22 
48 0.43 0.15 0.22 
49 0.12 0.16 0.26 
50 0.22 0.17 0.26 
51 0.61 0.18 0.26 
52 0.34 0.17 0.25 
53 0.48 0.17 0.25 
54 0.26 0.14 0.22 
55 0.22 0.16 0.25 
56 0.60 0.18 0.26 
57 0.61 0.17 0.25 
58 0.21 0.15 0.24 
59 0.29 0.14 0.22 
60 0.035 0.13 0.22 
61 0.55 0.18 0.26 
62 0.48 0.16 0.24 
63 0.069 0.14 0.22 
64 1.0 0.19 0.25 
65 0.078 0.15 0.25 
66 0.63 0.18 0.26 
67 0.56 0.17 0.25 
68 0.48 0.18 0.26 
69 0.46 0.15 0.22 
70 0.34 0.27 0.43 
71 0.16 0.16 0.26 

September–October 1997 Background Samples 
A 0.16 0.16 0.25 
B 0.25 0.17 0.26 
C 0.29 0.16 0.25 
D 0.35 0.17 0.26 
E 0.54 0.18 0.26 
F 0.55 0.18 0.26 
G 0.45 0.17 0.26 
H 0.26 0.17 0.26 
I 0.44 0.17 0.26 
J 0.45 0.17 0.25 
K 0.19 0.15 0.26 
L 0.34 0.17 0.26 
M 0.63 0.17 0.24 
N 0.35 0.17 0.25 

Refer to footnotes at end of table. 
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Table 5-1 (Concluded) 
Summary of 1997 and 2008 Radon Sampling Results at the Mixed Waste Landfill 

 
Location ID  
(Figure 5-1) 

Flux 
pCi/m2s 

Flux Error 
pCi/m2s 

LLD 
pCi/m2s 

September–October 1997 Background Samples (Continued) 
O 0.46 0.18 0.26 
P 0.66 0.29 0.43 
Q 0.28 0.15 0.22 
R 0.30 0.16 0.24 

April 2008 MWL Samples 
RN1  0.35 0.04 0.1 

RN1 DUP 0.36 0.04 0.1 
RN2  0.43 0.04 0.1 
RN3  0.21 0.04 0.1 

RN3 DUP 0.30 0.04 0.1 
RN3 DUP 0.25 0.04 0.1 

RN4  0.30 0.04 0.1 
RN5  0.33 0.04 0.1 
RN6  0.32 0.04 0.1 
RN7  0.51 0.04 0.1 
RN8 0.28 0.04 0.1 

RN8 DUP  0.28 0.04 0.1 
RN9  0.34 0.04 0.1 

April 2008 Background Samples 
RN10  0.65 0.04 0.1 
RN11  0.56 0.04 0.1 
RN12  0.58 0.04 0.1 

DUP = Duplicate. 
ID = Identification number. 
LLD = Lower limit of detection. 
MWL = Mixed Waste Landfill. 
pCi/m2s = Picocuries per meter squared per second. 
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Table 5-2 
Summary of 1995 and 2008 Tritium Soil Sampling Results at the Mixed Waste Landfill 

 
Sample Attributes Tritium Activity (EPA Method 906.0a) (pCi/L) 

Record 
Numberb ER Sample ID 

True 
Sample 
Depth  
(ft)c Result Errord 

1995 Samples 
3381 BH-1-10 9 700 220 
3387 BH-2-10 9 790 230 
3174 BH-3-10 9 1.72E+03 370 
3198 BH-4-10 9 1.65E+03 350 
3226 BH-5-10 9 4.28E+03 490 
3425 BH-6-10 9 2.43E+03 330 
3445 BH-7-10 9 2.65E+03 440 
3438 BH-8-10 9 9.53E+03 760 
3449 BH-9-10 9 2.35E+04 1.30E+03 
3449 BH-10-10 9 4.74E+04 2.10E+03 
3456 BH-11-10 9 7.00E+03 560 
3441 BH-12-10 9 6.70E+05 2.40E+04 
3432 BH-13-10 9 1.16E+03 290 
3465 BH-14-10 10 1.68E+03 340 
3465 BH-15-10 10 4.03E+04 2.00E+03 
3381 BH-1-30 26 790 400 
3213 BH-1-30-DUP 26 900 240 
3387 BH-2-30 26 ND (89) 160 
3174 BH-3-30 26 ND (180) 380 
3198 BH-4-30 26 780 520 
3198 BH-4-30-DUP 26 1.10E+03 530 
3226 BH-5-30 26 ND (100) 260 
3425 BH-6-30 26 5.89E+03 530 
3425 BH-6-30-DUP 26 5.64E+03 520 
3445 BH-7-30 26 ND (130) 200 
3445 BH-7-30-DUP 26 ND (130) 260 
3438 BH-8-30 26 7.40E+03 660 
3438 BH-8-30-DUP 26 8.05E+03 580 
3449 BH-9-30 26 4.68E+04 2.20E+03 
3449 BH-9-30-DUP 26 4.30E+04 2.00E+03 
3449 BH-10-30 26 5.46E+05 2.00E+04 
3456 BH-11-30 26 1.15E+03 430 
3456 BH-11-30-DUP 26 1.31E+03 450 
3459 BH-12-30 26 7.80E+06 2.80E+05 
3432 BH-13-30 26 ND (110) 170 
3432 BH-13-30-DUP 26 710 250 
3465 BH-14-30 30 730 260 
3465 BH-14-30-DUP 30 710 260 
3465 BH-15-30 30 2.40E+03 380 
3465 BH-15-30-DUP 30 1.60E+03 410 
3213 BH-1-50 43 ND (92) 170 
3387 BH-2-50 43 ND (89) 150 

Tritium Background Soil Concentration at SNL/NMe 420 NA 

Refer to footnotes at end of table. 
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Table 5-2 (Continued) 
Summary of 1995 and 2008 Tritium Soil Sampling Results at the Mixed Waste Landfill 

 
Sample Attributes Tritium Activity (EPA Method 906.0a) (pCi/L) 

Record 
Numberb ER Sample ID 

True 
Sample 
Depth  
(ft)c Result Errord 

1995 Samples (Continued) 
3177 BH-3-50 43 ND (190) 420 
3198 BH-4-50 43 ND (130) 230 
3226 BH-5-50 43 ND (130) 310 
3226 BH-5-50-DUP 43 430 230 
3425 BH-6-50 43 ND (130) 250 
3445 BH-7-50 43 ND (140) 340 
3438 BH-8-50 43 530 220 
3449 BH-9-50 43 1.86E+04 1.10E+03 
3449 BH-10-50 43 1.81E+04 1.10E+03 
3449 BH-10-50-DUP 43 5.13E+04 2.40E+03 
3456 BH-11-50 43 1.06E+03 360 
3459 BH-12-50 43 2.11E+05 8.00E+03 
3459 BH-12-50-DUP 43 2.15E+05 8.20E+03 
3432 BH-13-50 43 330 220 
3465 BH-14-50 50 1.38E+03 320 
3465 BH-15-50 50 750 290 

2008 Samples 
611879 DP1-10-S 10 7.54E+04 1.04E+04 
611873 DP2-10-S 10 4.71E+04 6.64E+03 
611872 DP3-10-S 10 1.89E+05 2.60E+04 
611875 DP4-10-S 10 2.50E+05 3.44E+04 
611868 DP5-10-S 10 3.95E+07 J 5.44E+06 
611868 DP5-10-S-DUP 10 1.57E+07 J 2.16E+06 
611877 DP6-10-S 10 6.82E+03 1.00E+03 
611877 DP6-10-S-DUP 10 6.11E+03 906 
611813 DP7-10-S 10 156 J 94.4 
611813 DP8-10-S 10 ND (64 ) 85.1 
611879 DP1-30-S 30 1.27E+06 1.75E+05 
611873 DP2-30-S 30 4.91E+03 903 
611872 DP3-30-S 30 8.21E+05 1.13E+05 
611875 DP4-30-S 30 5.32E+03 956 
611868 DP5-30-S 30 4.80E+06 J 6.62E+05 
611868 DP5-30-S-DUP 30 6.82E+06 J 9.39E+05 
611877 DP6-30-S 30 165 J 94.2 
611877 DP6-30-S-DUP 30 189 J 96.7 
611813 DP7-30-S 30 180 J 97.8 
611813 DP8-30-S 30 260 J 109 
611873 DP2-50-S 50 1.70E+03 496 
611872 DP3-50-S 50 5.15E+03 780 
611868 DP5-50-S 50 2.41E+05 J 3.32E+04 
611868 DP5-50-S-DUP 50 3.19E+05 J 4.40E+04 

Tritium Background Soil Concentration at SNL/NMe 420 NA 

Refer to footnotes at end of table. 
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Table 5-2 (Concluded) 
Summary of 1995 and 2008 Tritium Soil Sampling Results at the Mixed Waste Landfill 

 
Sample Attributes Tritium Activity (EPA Method 906.0a) (pCi/L) 

Record 
Numberb ER Sample ID 

True 
Sample 
Depth  
(ft)c Result Errord 

2008 Quality Assurance/Quality Control Samples (pCi/L) 
611813 EB1 NA ND (67) 77.4 
611868 EB2 NA ND (75.2) 86.7 
611868 EB3 NA ND (75.6) 89.3 
611872 EB4 NA ND (90.4) 104 
611872 EB5 NA ND (58.4) 75.3 
611873 EB6 NA ND (88.6) 104 
611873 EB7 NA ND (87.9) 105 
611873 EB8 NA ND (89.3) 105 
611875 EB9 NA ND (82.1) 95.8 
611877 EB10 NA ND (72.1) 89.7 
611877 EB11 NA ND (85.9) 105 
611879 EB12 NA ND (79.6) 90.4 
611879 EB13 NA ND (80.3) 84.6 

Note:  Values in bold exceed SNL/NM background tritium concentration. 
aEPA August 1980. 
bAnalysis Request/Chain-of-Custody record. 
c1995 Boreholes BH-1 through BH-13 were drilled at an angle of 30 degrees from vertical, and BH-14 and 
BH-15 were drilled vertically.  All 2008 boreholes were drilled vertically.  Sample depths reported in this 
table are true depths below the original MWL surface grade. 
dTwo standard deviations about the mean detected activity. 
eTharp February 1999. 
BH = Borehole. 
DP = Direct-push. 
DUP = Duplicate. 
EB = Equipment blank. 
EPA = U.S Environmental Protection Agency. 
ER = Environmental Restoration. 
ft = Foot (feet). 
ID = Identification number. 
J = Estimated concentration. See data validation report (Appendix C). 
MDL = Method detection limit. 
MWL = Mixed Waste Landfill. 
NA = Not applicable. 
ND = Not detected above the MDL, shown in parentheses. 
pCi/L  = Picocuries per liter. 
S = Soil. 
SNL/NM = Sandia National Laboratories/New Mexico. 
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Table 5-3 
Summary of 2008 Tritium Soil Sample Concentration Ranges at the Mixed Waste Landfill 

 

Depth  
(ft bgs)a 

Tritium Concentration 
Range  
(pCi/L) 

Location with the 
Maximum 

Concentration 
Depth Interval 

Mean 
MWL Boreholes DP1–DP6 

10 ft 6.11E+03–3.95E+07 J DP5 6.97E+06 
30 ft 165 J–6.82E+06 J DP5 1.72E+06 
50 ft 1.70E+03–3.19E+05 J DP5 1.42E+05 

Background Boreholes DP7 and DP8 
10 ft ND–156 J DP7 94 
30 ft 180 J–260 J DP8 220 

Note:  For mean calculations, ND values set at a tritium concentration of one-half of the MDA. 
aDepth below the original MWL surface grade. 
bgs = Below ground surface. 
DP = Direct-push. 
ft = Foot (feet). 
J = Estimated concentration. See data validation report (Appendix C). 
MDA = Minimum detectable activity. 
MWL = Mixed Waste Landfill. 
ND = Not detected. 
pCi/L = Picocuries per liter. 
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Table 5-4 
Summary of 2008 Tritium Soil Sample RPD Values for 

Primary and Duplicate Samples at the Mixed Waste Landfill 
 

Record 
Numbera 

ER Sample ID 
(Primary/Duplicate Samples) 

Sample 
Depth 

(ft bgs)b 

Primary Sample 
Tritium 

Concentration 
(pCi/L) 

Duplicate Sample 
Tritium 

Concentration 
(pCi/L) RPDc 

611868 DP5-10-S / DP5-10-S-DUP 10 3.95E+07 J 1.57E+07 J 86.23 
611868 DP5-30-S / DP5-30-S-DUP 30 4.80E+06 J 6.82E+06 J 34.77 
611868 DP5-50-S / DP5-50-S-DUP 50 2.41E+05 J 3.19E+05 J 27.86 
611877 DP6-10-S / DP6-10-S-DUP 10 6.82E+03 6.11E+03 10.98 
611877 DP6-30-S / DP6-30-S-DUP 30 165 J 189 J 13.56 

aAnalysis Request/Chain-of-Custody record. 
bDepth below the original MWL surface grade. 
cRPD calculated as follows: [(X1 - X2)/((X1 + X2)/2)] × 100 where X1 and X2 are the tritium concentrations in 
the primary and duplicate soil samples, respectively. 
bgs = Below ground surface. 
DP = Direct-push. 
DUP = Duplicate. 
ER = Environmental Restoration. 
ft = Foot (feet). 
ID = Identification number. 
J = Estimated concentration. See data validation report (Appendix C). 
MWL = Mixed Waste Landfill. 
pCi/L  = Picocuries per liter. 
RPD = Relative percent difference. 
S = Soil. 
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Table 5-5 
Summary of 1994 and 2008 Soil-Vapor Sample VOC Analytical Results for 10-Foot-Depth Samples at the Mixed Waste Landfill 

 
Sample Attributes VOCs (ppbv) 

Record 
Numbera ER Sample ID 

Sample 
Depth 

(ft) 

Dichloro-
difluoromethane 

(CFC-12) 
Tetrachloroethene 

(PCE) 
Trichloroethene 

(TCE) Total VOCs 
1994 Round 1 samples (analyzed by an SNL/NM on-site laboratory with a GC/MS instrument) 

Unk MWL-0N,10W (Rnd. 1, Pt. 1)    10 NA 251 Est 131 412 
Unk MWL-50S,10W (Rnd. 1, Pt. 2)   10 NA 521 Est 210 754 
Unk MWL-100S,10W (Rnd 1, Pt. 3)   10 NA 1.08E+03 Est 310 Est 1.51E+03 
Unk MWL-150S,10W (Rnd. 1, Pt. 4) 10 NA 627 Est 279 Est 1.17E+03 
Unk MWL-175S,10W (Rnd. 1, Pt. 5)  10 NA 339 Est 185 596 
Unk MWL-200S,10W (Rnd. 1, Pt. 6)  10 NA 186 114 358 
Unk MWL-10N,50E (Rnd. 1, Pt. 7)   10 NA 247 Est 124 371 
Unk MWL-10N,100E (Rnd 1, Pt. 8)   10 NA 205 123 340 
Unk MWL-10N,150E (Rnd. 1, Pt. 9)   10 NA 279 Est 210 541 
Unk MWL-10N,200E (Rnd. 1, Pt. 10)  10 NA 130 126 275 
Unk MWL-10N,250E (Rnd. 1, Pt. 11)  10 NA 87 86 173 
Unk MWL-10N,300E (Rnd. 1, Pt. 12) 10 NA 45 53 282 
Unk MWL-50S,310E (Rnd. 1, Pt. 13)   10 NA 30 72 115 
Unk MWL-100S,310E (Rnd. 1, Pt. 14)  10 NA 48 113 177 
Unk MWL-150S,310E (Rnd. 1, Pt. 15)  10 NA 33 93 135 
Unk MWL-200S,310E (Rnd. 1, Pt. 16) 10 NA 34 84 142 
Unk MWL-225S,300E (Rnd. 1, Pt. 17)   10 NA 32 76 125 
Unk MWL-225S,250E (Rnd. 1, Pt. 18) 10 NA 56 435 Est 542 
Unk MWL-225S,207E (Rnd. 1, Pt. 19)  10 NA 69 220 477 

Soil-Vapor Trigger Levelsc NA 2.00E+04 2.00E+04 2.50E+04 

Refer to footnotes at end of table. 
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Table 5-5 (Continued) 
Summary of 1994 and 2008 Soil-Vapor Sample VOC Analytical Results for 10-Foot-Depth Samples at the Mixed Waste Landfill 

 
Sample Attributes VOCs (ppbv) 

Record 
Numbera ER Sample ID 

Sample 
Depth

(ft) 

Dichloro-
difluoromethane 

(CFC-12) 
Tetrachloroethene 

(PCE) 
Trichloroethene 

(TCE) Total VOCs 
1994 Round 2 (analyzed by an off-site commercial laboratory using EPA Method TO-14) 

622    MWL-60W/85S (Rnd. 2, Pt. 1)   10   ND (100)  110   ND (100)  110 
622    MWL-60W/125S (Rnd. 2, Pt. 2)  10   ND (100)  160   ND (100)  160 
622    MWL-60W/175S (Rnd. 2, Pt. 3)  10   ND (10)   77    51    298 
622    MWL-60W/175S-D (Rnd. 2, Pt. 3 

DUP) 
10 ND (10)   91    58    179 

622    MWL-10W/250S (Rnd. 2, Pt. 4)   10   ND (10)   62    39    158 
622    MWL-125E/50S (Rnd. 2, Pt. 5)  10   ND (100)  240   100   340 
622    MWL-125E/100S (Rnd. 2, Pt. 6) 10   170   240   ND (100)  410 
622    MWL-125E/150S (Rnd. 2, Pt. 7)  10   400   310   100   810 
622    MWL-125E/200S (Rnd. 2, Pt. 8) 10   320   200   110   630 
622    MWL-75E/200S  (Rnd. 2, Pt. 9) 10   1.80E+03 Sec    380   180   2.46E+03 
622    MWL-75E/150S (Rnd. 2, Pt. 10)   10   2.90E+04 Est   1.70E+03 ND (1.00E+03) 3.07E+04
622    MWL-75E/100S  (Rnd. 2, Pt. 11) 10   2.00E+03  5.20E+03 Sec 540   8.02E+03 
622    MWL-75E/50S (Rnd. 2, Pt. 12)    10   ND (200)  1.70E+03 290   1.99E+03 

1994 Round 3 (analyzed by an off-site commercial laboratory using EPA Method TO-14) 
919    MWL-300S/10W  (Rnd. 3, Pt. 1) 10   ND (10)   130 Est 140 Est 326 
919    MWL-350S/10W (Rnd. 3, Pt. 2)   10   ND (10)   44    36    111 
919    MWL-400S/10W  (Rnd. 3, Pt. 3) 10   ND (10)   ND (10)   ND (10)   30 
919    MWL-BL/440S (Rnd. 3, Pt. 4)  10   ND (10)   ND (10)   13    74 
919    MWL-50E/440S  (Rnd. 3, Pt. 5)    10   ND (10)   26    35    225 
919    MWL-100E/440S (Rnd. 3, Pt. 6)  10   ND (10)   19    42    153 
919    MWL-150E/440S (Rnd. 3, Pt. 7)    10   ND (10)   23    43    131 
919    MWL-200E/440S (Rnd. 3, Pt. 8) 10   ND (10)   28    49    92 

1046   MWL-400S/210E (Rnd. 3, Pt. 9)  10   ND (10)   83    98    335 
1046   MWL-350S/210E (Rnd. 3. Pt. 10)  10   ND (20)   260 Est 120   479 
1046   MWL-300S/225E (Rnd. 3, Pt. 11)  10 ND (100)  ND (100)  120   310 
919    MWL-250S/225E (Rnd. 3, Pt. 12)  10   ND (10)   76    230 Est 476 

Soil-Vapor Trigger Levelsc NA 2.00E+04 2.00E+04 2.50E+04 

Refer to footnotes at end of table. 
 



 

AL/8-08/WP/SNL08:R6000.doc Page 3 of 4 840857.04.33.00.00  08/13/08 3:39 PM 

Table 5-5 (Continued) 
Summary of 1994 and 2008 Soil-Vapor Sample VOC Analytical Results for 10-Foot-Depth Samples at the Mixed Waste Landfill 

 
Sample Attributes VOCs (ppbv) 

Record 
Numbera ER Sample ID 

Sample 
Depth

(ft) 

Dichloro-
difluoromethane 

(CFC-12) 
Tetrachloroethene 

(PCE) 
Trichloroethene 

(TCE) Total VOCs 
2008 Soil-Vapor Data (analyzed by an off-site commercial laboratory using EPA Method TO-14Ab) 
611880 MWL-DP1-10-SG  10 39 15 14 240 
611874 MWL-DP2-10-SG  10 20 12 11 123 
611871 MWL-DP3-10-SG  10 55 53 39 658 
611876 MWL-DP4-10-SG  10 70 120    34 446 
611870 MWL-DP5-10-SG  10 40 160    10 366 
611870 MWL-DP5-10-SG-DUP  10 24 380    20 736 
611878 MWL-DP6-10-SG  10 31 1.2 J (2)  4.2    111 
611878 MWL-DP6-10-SG-DUP  10 30 190    42 373 
611812 MWL-DP7-10-SG  10 ND (1)   ND (1)    ND (1)   23 
611812 MWL-DP8-10-SG  10 ND (1)   ND (1)    ND (1) 19 
Soil-Vapor Trigger Levelsc NA 2.00E+04 2.00E+04 2.50E+04 

Note:  Values in bold exceed soil-vapor trigger level. 
aAnalysis request/chain-of-custody record. 
bEPA January 1999. 
cSoil vapor trigger levels for PCE, TCE, and total VOCs at the MWL presented in Section 5.2.3.1 of the Long-Term Monitoring and Maintenance 
Plan for the Mixed Waste Landfill (SNL/NM September 2007a). 
CFC-12 = Dichlorodifluoromethane. 
DP = Direct-push. 
DUP = Duplicate. 
E = East. 
Est = Estimated concentration greater than the upper limit of quantitation (1994 samples). 
EPA = U.S. Environmental Protection Agency. 
ER = Environmental Restoration. 
ft = Foot (feet). 
GC/MS = Gas chromatograph/mass spectrometer. 
J  = Estimated value between the MDL and PQL, shown in parentheses. 
ID = Identification number. 
MDL = Method detection limit. 
MWL = Mixed Waste Landfill. 
N = North. 
NA = Not applicable. 
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Table 5-5 (Concluded) 
Summary of 1994 and 2008 Soil-Vapor Sample VOC Analytical Results for 10-Foot-Depth Samples at the Mixed Waste Landfill 

 
ND = Not detected above the MDL, shown in parentheses. 
PCE = Tetrachloroethene. 
PQL = Practical quantitation limit. 
Pt. = Point. 
ppbv = Parts per billion by volume. 
Rnd. = Round. 
S = South. 
Sec = Results due to (secondary) dilution (1994 samples). 
SG = Soil-gas. 
SNL/NM = Sandia National Laboratories/New Mexico. 
TCE = Trichloroethene. 
Unk = Unknown. 
VOC = Volatile organic compound. 
W = West. 
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Table 5-6 
Summary of 1994 and 2008 Soil-Vapor Sample VOC Analytical Results for 30-Foot-Depth Samples at the Mixed Waste Landfill 

 
Sample Attributes VOCs (EPA Method TO-14 [1994 samples] and TO-14Aa [2008 samples]) (ppbv) 

Record 
Numberb ER Sample ID 

Sample 
Depth 

(ft) 
Dichlorodifluoromethane 

(CFC-12) 
Tetrachloroethene

(PCE) 
Trichloroethene 

(TCE) Total VOCs
1994 Round 1 Samples 

498    MWL-0N,10W (Rnd. 1, Pt. 1)    30   110   450   230   980 
498    MWL-50S,10W (Rnd. 1, Pt. 2)   30   440   1.20E+03    450   2.51E+03 
498    MWL-100S,10W (Rnd 1, Pt. 3)   30   1.30E+03   1.70E+03   530   3.96E+03 
498    MWL-150S,10W (Rnd. 1, Pt. 4) 30   2.30E+03   1.30E+03   490   4.51E+03 
498    MWL-175S,10W (Rnd. 1, Pt. 5)  26   640   240   120   1.00E+03 
498    MWL-200S,10W (Rnd. 1, Pt. 6)  26   1.20E+03   670   330   2.42E+03 
498    MWL-10N,50E (Rnd. 1, Pt. 7)   30   160   1.00E+03  460   1.93E+03 
498    MWL-10N,100E (Rnd 1, Pt. 8)   30   120   800    400    1.61E+03 
498    MWL-10N,150E (Rnd. 1, Pt. 9)   30   ND (100)  480   350   1.14E+03 
498    MWL-10N,150E-D (Rnd. 1, Pt. 9 DUP) 30 100    450   320   1.14E+03 
498    MWL-10N,200E (Rnd. 1, Pt. 10)  30   ND (100)  280   250   810 
498    MWL-10N,250E (Rnd. 1, Pt. 11)  30   ND (100)  150   160   490 
498    MWL-10N,300E (Rnd. 1, Pt. 12) 30   ND (100)  ND (100)  120   260 
498    MWL-50S,310E (Rnd. 1, Pt. 13)   27   ND (100)  ND (100)  140   140 
498    MWL-100S,310E (Rnd. 1, Pt. 14)  28   ND (100)  ND (100)  240   370 
498    MWL-150S,310E (Rnd. 1, Pt. 15)  30   ND (100)  ND (100)  250   540 
498    MWL-200S,310E (Rnd. 1, Pt. 16) 28   ND (100)  ND (100)  210   310 
498    MWL-225S,300E (Rnd. 1, Pt. 17)   30   ND (100)  ND (100)  230   330 
498    MWL-225S,250E (Rnd. 1, Pt. 18) 30   120   150   630   1.31E+03 
498    MWL-225S,207E (Rnd. 1, Pt. 19)  30   280   260   630   2.40E+03 

1994 Round 2 Samples 
622    MWL-60W/85S (Rnd. 2, Pt. 1)   30   170   450   230   1.01E+03 
622    MWL-60W/125S (Rnd. 2, Pt. 2)  30   170   360   190   830 
622    MWL-60W/175S (Rnd. 2, Pt. 3)  28.5 260   280   210   880 
622    MWL-10W/250S (Rnd. 2, Pt. 4)   30   360   270   230   1.01E+03 
622    MWL-125E/50S (Rnd. 2, Pt. 5)  30   170   520   270   1.13E+03 
622    MWL-125E/100S (Rnd. 2, Pt. 6) 30   550   720   280   1.69E+03 
622    MWL-125E/150S (Rnd. 2, Pt. 7)  30   1.40E+03 Sec  1.10E+03  540   3.71E+03 
622    MWL-125E/200S (Rnd. 2, Pt. 8) 30   1.20E+03  790   520   3.21E+03 
622 MWL-75E/200S (Rnd 2, Pt. 9) 25 3.20E+03 Sec 690 370 4.63E+03 

Soil-Vapor Trigger Levelsc NA 2.00E+04 2.00E+04 2.50E+04 

Refer to footnotes at end of table. 



 

AL/8-08/WP/SNL08:R6000.doc Page 2 of 3 840857.04.33.00.00  08/13/08 3:39 PM 

Table 5-6 (Continued) 
Summary of 1994 and 2008 Soil-Vapor Sample VOC Analytical Results for 30-Foot-Depth Samples at the Mixed Waste Landfill 

 
Sample Attributes VOCs (EPA Method TO-14 [1994 samples] and TO-14Aa [2008 samples]) (ppbv) 

Record 
Numberb ER Sample ID 

Sample 
Depth 

(ft) 
Dichlorodifluoromethane 

(CFC-12) 
Tetrachloroethene

(PCE) 
Trichloroethene 

(TCE) Total VOCs
1994 Round 2 Samples (Continued) 

622 MWL-75E/200S (Rnd 2, Pt. 10) 30 2.50E+04 Est 2.70E+03 ND (100  ) 2.77E+04
622 MWL-75E/200S (Rnd 2, Pt. 10 DUP) 30 1.80E+04 Sec 2.30E+03 600 2.20E+04 
622    MWL-75E/100S  (Rnd. 2, Pt. 11) 27   3.60E+03  5.90E+03 ND (1.00E+03) 9.50E+03 
622    MWL-75E/50S (Rnd. 2, Pt. 12)    30   600   1.60E+03 570   3.01E+03 

1994 Round 3 Samples 
919    MWL-300S/10W  (Rnd. 3, Pt. 1) 30   ND (10)   300 Est 350 Est 893 
919    MWL-350S/10W (Rnd. 3, Pt. 2)   30   ND (10)   140 Est 220 Est 626 
919    MWL-400S/10W  (Rnd. 3, Pt. 3) 30   ND (10)   45    77    517 
919    MWL-400S/10W-D (Rnd. 3, Pt. 3 DUP) 30 ND (10)   50    60    272 
919    MWL-BL/440S (Rnd. 3, Pt. 4)  30   ND (10)   19    38    107 
919    MWL-50E/440S  (Rnd. 3, Pt. 5)    30   ND (10)   47    99    222 
919    MWL-100E/440S (Rnd. 3, Pt. 6)  30   ND (20)   50    130   216 
919    MWL-150E/440S (Rnd. 3, Pt. 7)    30   ND (20)   68    160   392 
919    MWL-200E/440S (Rnd. 3, Pt. 8) 30   ND (10)   77    210 Est 408 

1046   MWL-400S/210E (Rnd. 3, Pt. 9)  30   ND (20)   120   250 Est 555 
1046   MWL-350S/210E (Rnd. 3. Pt. 10)  30   ND (10)   280 Est 250 Est 929 
1049   MWL-300S/225E (Rnd. 3, Pt. 11)  30   ND (10)   140   270   1.23E+03 
919    MWL-250S/225E (Rnd. 3, Pt. 12)  30   ND (100)  140   390   1.03E+03 
919    MWL-250S/225E-D (Rnd. 3, Pt. 12 DUP) 30 100   50    420   1.08E+03 

2008 Samples 
611880 MWL-DP1-30-SG  30 6.8    1.8 J (2)  ND (1) 20 
611874 MWL-DP2-30-SG  30 51 40 30 295 
611871 MWL-DP3-30-SG  30 100    100    110    904 
611876 MWL-DP4-30-SG  30 110    190    100    893 
611870 MWL-DP5-30-SG  30 100    370    68 899 
611870 MWL-DP5-30-SG-DUP 30 110    370    71 928 
611878 MWL-DP6-30-SG  30 53 310    110    670 
611878 MWL-DP6-30-SG-DUP 30 53 300    110    654 
611812 MWL-DP7-30-SG  30 ND (1) ND (1) ND (1)    137 
611812 MWL-DP8-30-SG  30 ND (1) ND (1) ND (1)    83 

Soil-Vapor Trigger Levelsc NA 2.00E+04 2.00E+04 2.50E+04 
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Table 5-6 (Concluded) 
Summary of 1994 and 2008 Soil-Vapor Sample VOC Analytical Results for 30-Foot-Depth Samples at the Mixed Waste Landfill 

 
Note:  Values in bold exceed soil-vapor trigger level. 
aEPA January 1999. 
bAnalysis request/chain-of-custody record. 
cSoil-vapor trigger levels for PCE, TCE, and total VOCs at the MWL presented in Section 5.2.3.1 of the Long-Term Monitoring and Maintenance Plan for 
the Mixed Waste Landfill (SNL/NM September 2007a). 
CFC-12 = Dichlorodifluoromethane. 
DP = Direct-push. 
DUP = Duplicate. 
E = East. 
Est = Estimated concentration greater than the upper limit of quantitation (1994 samples). 
EPA = U.S. Environmental Protection Agency. 
ER = Environmental Restoration. 
ft = Foot (feet). 
J  = Estimated value between the MDL and PQL, shown in parentheses. 
ID = Identification number. 
MDL = Method detection limit. 
MWL = Mixed Waste Landfill. 
N = North. 
NA = Not applicable. 
ND = Not detected above the MDL, shown in parentheses. 
PCE = Tetrachloroethene. 
PQL = Practical quantitation limit. 
Pt. = Point. 
ppbv = Parts per billion by volume. 
Rnd. = Round. 
S = South. 
Sec = Results due to (secondary) dilution (1994 samples). 
SG = Soil-gas. 
SNL/NM = Sandia National Laboratories/New Mexico. 
TCE = Trichloroethene. 
VOC = Volatile organic compound. 
W = West. 
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Table 5-7 
Summary of 2008 Soil-Vapor Sample VOC Analytical Results for 50-Foot-Depth Samples at the Mixed Waste Landfill 

 
Sample Attributes VOCs (EPA Method TO-14Aa) (ppbv) 

Record 
Numberb ER Sample ID 

Sample 
Depth  

(ft) 
Dichlorodifluoromethane

(CFC-12) 
Tetrachloroethene

(PCE) 
Trichloroethene 

(TCE) Total VOCs 
611874 MWL-DP2-50-SG 50 19 14 13 126 
611871 MWL-DP3-50-SG 50 110 120 140 1.33E+03 
611870 MWL-DP5-50-SG 50 2.3 4.3 1.6 J (2) 67 
611870 MWL-DP5-50-SG-DUP 50 2.6 4.4 1.7 J (2) 70 

Soil-Vapor Trigger Levelsc NA 2.00E+04 2.00E+04 2.50E+04 
aEPA January 1999. 
bAnalysis request/chain-of-custody record. 
cSoil-vapor trigger levels for PCE, TCE, and total VOCs at the MWL presented in Section 5.2.3.1 of the Long-Term Monitoring and Maintenance 
Plan for the Mixed Waste Landfill (SNL/NM September 2007a). 
CFC-12 = Dichlorodifluoromethane. 
DP = Direct push. 
DUP = Duplicate. 
EPA = U.S. Environmental Protection Agency. 
ER = Environmental Restoration. 
ft = Foot (feet). 
ID = Identification number. 
J  = Estimated value between the MDL and PQL, shown in parentheses. 
MDL = Method detection limit. 
MWL = Mixed Waste Landfill. 
NA = Not applicable. 
PCE = Tetrachloroethene. 
ppbv = Parts per billion by volume. 
PQL = Practical quantitation limit. 
SG = Soil gas. 
TCE = Trichloroethene. 
VOC = Volatile organic compounds. 
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Table 5-8 
Summary of 2008 Soil-Vapor Sample Methane Analytical Results at the Mixed Waste Landfill 

 
Sample Attributes 

Record 
Numbera ER Sample ID 

Sample Depth  
(ft) 

Methane (Method ASTM D1946) 
(ppbvb) 

611880 MWL-DP1-10-SG  10   4.30E+03 J (4.40E+03)    
611874 MWL-DP2-10-SG  10   ND (1.70E+03)    
611871 MWL-DP3-10-SG  10   ND (1.90E+03)    
611876 MWL-DP4-10-SG  10   ND (1.90E+03)    
611870 MWL-DP5-10-SG  10   ND (1.40E+03) 
611870 MWL-DP5-10-SG-DUP  10   ND (1.30E+03)   
611878 MWL-DP6-10-SG  10   ND (1.90E+03)    
611878 MWL-DP6-10-SG-DUP  10 ND (1.70E+03)    
611812 MWL-DP7-10-SG  10 ND (2.00E+03) 
611812 MWL-DP8-10-SG  10 ND (1.90E+03)    
611880 MWL-DP1-30-SG  30   1.90E+03 J (5.30E+03)    
611874 MWL-DP2-30-SG  30   ND (1.70E+03)    
611871 MWL-DP3-30-SG  30   2.20E+05  
611876 MWL-DP4-30-SG  30   4.60E+03 J (5.60E+03)    
611870 MWL-DP5-30-SG  30   2.20E+03 J (4.20E+03)    
611870 MWL-DP5-30-SG-DUP  30   2.20E+03 J (4.40E+03)    
611878 MWL-DP6-30-SG  30   ND (1.90E+03)    
611878 MWL-DP6-30-SG-DUP  30 ND (1.90E+03)    
611812 MWL-DP7-30-SG  30 ND (1.50E+03) 
611812 MWL-DP8-30-SG  30 ND (1.70E+03)    
611874 MWL-DP2-50-SG  50   ND (1.70E+03)    
611871 MWL-DP3-50-SG  50   5.40E+06 
611870 MWL-DP5-50-SG  50   1.80E+03 J (4.40E+03)    
611870 MWL-DP5-50-SG-DUP  50   1.80E+03 J (4.30E+03)    

aAnalysis request/chain-of-custody record. 
bMethane results converted from “% (v/v)” units reported by laboratory to ppbv by multiplying laboratory 
value by 10,000,000. 
ASTM = American Society for Testing and Materials. 
DP = Direct-push. 
DUP = Duplicate. 
ER = Environmental Restoration. 
ft = Foot (feet). 
ID = Identification number. 
J  = Estimated value between the MDL and PQL, shown in parentheses. 
MDL = Method detection limit. 
MWL = Mixed Waste Landfill. 
ND = Not detected above the MDL, shown in parentheses. 
ppbv = Parts per billion by volume. 
PQL = Practical quantitation limit. 
SG = Soil-gas. 
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Table 5-9 
Summary of 2008 Soil-Vapor VOC and Methane Analytical MDLs at the Mixed Waste Landfill 

 
Analyte EPA Method TO-14Aa Detection Limit (ppbv) 

1,1,1-Trichloroethane 0.99–3.1 
1,1,2,2-Tetrachloroethane 0.99–3.1 
1,1,2-Trichloroethane 0.99–3.1 
1,1-Dichloroethane 0.99–3.1 
1,1-Dichloroethene 0.99–3.1 
1,2,2-tetrafluoroethane, 1,2-Dichloro-1 0.99–3.1 
1,2,4-Trichlorobenzene 2.5–7.9 
1,2,4-Trimethylbenzene 1.3–4.1 
1,2-Dibromoethane 0.99–3.1 
1,2-Dichlorobenzene 0.89–2.8 
1,2-Dichloroethane 0.99–3.1 
1,2-Dichloropropane 1.5–4.7 
1,3,5-Trimethylbenzene 1.1–3.5 
1,3-Dichlorobenzene 0.79–2.5 
1,4-Dichlorobenzene 3–9.4 
2,2-trifluoroethane, 1,1,2-Trichloro-1 0.99–3.1 
2-Butanone 2–6.3 
2-Hexanone 2–6.3 
4-Ethyltoluene 0.7–2.2 
4-methyl-, 2-Pentanone 2–6.3 
Acetone 2.5–7.9 
Benzene 1.5–4.7 
Benzyl chloride 7.9–25 
Bromodichloromethane 0.99–3.1 
Bromoform 0.5–1.6 
Bromomethane 2–6.3 
Carbon disulfide 2–6.3 
Carbon tetrachloride 0.99–3.1 
Chlorobenzene 0.99–3.1 
Chloroethane 1.5–4.7 
Chloroform 0.99–3.1 
Chloromethane 0.99–3.1 
Dibromochloromethane 0.99–3.1 
Dichlorodifluoromethane 0.99–3.1 
Ethyl benzene 0.99–3.1 
Hexachlorobutadiene 1.3–4.1 
Methane 1.50E+03–2.00E+03 
Methylene chloride 0.79–2.5 
Styrene 0.99–3.1 
Tetrachloroethene 1–4.4 
Toluene 0.99–3.1 
Trichloroethene 0.99–3.1 
Trichlorofluoromethane 0.99–6.9 
Vinyl acetate 2–6.3 
Vinyl chloride 1.5–4.7 
cis-1,2-Dichloroethene 0.79–2.5 
cis-1,3-Dichloropropene 1.5–4.7 

Refer to footnotes at end of table. 
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Table 5-9 (Concluded) 
Summary of 2008 Soil-Vapor VOC and Methane Analytical MDLs at the Mixed Waste Landfill 

 
Analyte EPA Method TO-14Aa Detection Limit (ppbv) 

m-, p-Xylene 2–6.3 
o-Xylene 0.99–3.1 
trans-1,3-Dichloropropene 0.99–3.1 

aEPA January 1999. 
EPA = U.S. Environmental Protection Agency. 
MDL = Method detection limit. 
ppbv = Parts per billion by volume. 
VOC = Volatile organic compound. 
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Table 5-10 
Summary of 2008 CFC-12, PCE, TCE, and Total VOC Soil-Vapor Sample Concentration Ranges at the Mixed Waste Landfill 

 
CFC-12 PCE TCE Total VOCs Methane 

Sample 
Depth 

(ft bgs)a 
Range 
(ppbv) 

Loc. 
with 
Max. 
Conc. 

Range 
(ppbv) 

Loc. 
with 
Max. 
Conc. 

Range 
(ppbv) 

Loc. 
with 
Max. 
Conc. 

Range 
(ppbv) 

Loc. 
with 
Max. 
Conc. 

Range 
(ppbv) 

Loc. 
with 
Max. 
Conc. 

MWL Locations DP1–DP6 
10 20–70 DP4 1.2 J–380 DP5 4.2–42 DP6 111–736 DP5 ND–4.30E+03 J DP1 
30 6.8–110 DP4/ 

DP5 
1.8 J–370 DP5 ND–110 DP3/ 

DP6 
20–928 DP5 ND–2.20E+05 DP3 

50 2.3–110 DP3 4.3–120 DP3 1.6 J–140 DP3 67–1.33E+03 DP3 ND–5.40E+06 DP3 
Background Locations DP7 and DP8 

10 ND NA ND NA ND NA 19–23 DP7 ND NA 
30 ND NA ND NA ND NA 83–137 DP7 ND NA 

aDepth below the original MWL surface grade. 
bgs = Below ground surface. 
CFC-12 = Dichlorodifluoromethane. 
Conc. = Concentration. 
DP = Direct-push. 
ft = Foot (feet). 
J = Estimated concentration. See data validation report (Appendix E). 
Loc. = Location. 
Max. = Maximum. 
MWL = Mixed Waste Landfill. 
NA = Not applicable. 
ND = Not detected. 
PCE = Tetracholorethene. 
ppbv = Parts per billion by volume. 
TCE = Trichloroethene. 
VOC = Volatile organic compound. 
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Table 5-11 
Summary of 2008 CFC-12, PCE, TCE, Total VOCs, and Methane Soil-Vapor 

Sample RPD Values for Primary and Duplicate Samples at the Mixed Waste Landfill 
 

Sample Attributes 
Primary and Duplicate Sample Soil-Vapor Concentration 

(ppbv) 

Record 
Numbera ER Sample ID 

Sample 
Depth  
(ft)b CFC-12 PCE TCE 

Total 
VOCs Methane 

611870 DP5-10-SG 10 40 160 10 366 ND 
611870 DP5-10-SG-DUP 10 24 380 20 736 ND 

 DP5-10-SG / SG 
DUP: RPD c 

NA 50 81.48 66.67 67.15 NA 

 
611870 DP5-30-SG 30 100 370 68 899 2.20E+03 J 
611870 DP5-30-SG-DUP 30 110 370 71 928 2.20E+03 J 

 DP5-30-SG / SG 
DUP: RPD 

NA 9.52 0.0 4.32 3.17 0.0 

 
611878 DP5-50-SG 50 2.3 4.3 1.6 J 67 1.80E+03 J 
611878 DP5-50-SG-DUP 50 2.6 4.4 1.7 J 70 1.80E+03 J 

 DP5-50-SG / SG 
DUP: RPD 

NA 12.24 2.30 6.06 4.38 0.0 

 
611878 DP6-10-SG 10 31 1.2 J 4.2 111 ND 
611878 DP6-10-SG-DUP 10 30 190 42 373 ND 

 DP6-10-SG / SG 
DUP: RPD 

NA 3.28 197.49 163.64 108.26 NA 

 
611878 DP6-30-SG 30 53 310 110 670 ND 
611878 DP6-30-SG-DUP 30 53 300 110 654 ND 

 DP6-30-SG / SG 
DUP: RPD 

NA 0.0 3.28 0.0 2.42 NA 

aAnalysis Request/Chain-of-Custody record. 
bDepth below the original MWL surface grade. 
cRPD calculated as follows: [(X1 - X2)/((X1 + X2)/2)] × 100 where X1 and X2 are the VOC concentrations in 
the primary and duplicate soil-vapor samples, respectively. 
CFC-12 = Dichlorodifluoromethane. 
DP = Direct-push. 
DUP = Duplicate. 
ER = Environmental Restoration. 
ft = Foot (feet). 
ID = Identification number. 
J = Estimated concentration. See data validation report (Appendix E). 
MWL = Mixed Waste Landfill. 
NA = Not applicable. 
ND = Not detected. 
PCE = Tetracholorethene. 
ppbv = Parts per billion by volume. 
RPD = Relative percent difference. 
SG = Soil-gas. 
TCE = Trichloroethene. 
VOC = Volatile organic compound. 
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Table 6-1 
Summary of Tritium Concentrations in 1995 Boreholes BH-5 and  

BH-6 and 2008 Location DP6 at the Mixed Waste Landfill  
 

Borehole 
10-ft Samples  

(pCi/L) 
30-ft Samples  

(pCi/L) 
50-ft Samples  

(pCi/L) 
DP6 (2008) 6.82E+03, 6.11E+03 (duplicate) 165 J, 189 J (duplicate) NA 
BH-5 (1995) 4.28E+03 ND ND, 430 (duplicate) 
BH-6 (1995) 2.43E+03 5.89E+03, 5.64E+03 (duplicate) ND 

BH = Borehole. 
DP = Direct-push. 
ft = Foot (feet). 
J  = Estimated value between the MDL and PQL, shown in parentheses. 
MDL = Method detection limit. 
NA = Not applicable. 
ND = Not detected. 
pCi/L = Picocuries per liter. 
PQL = Practical quantitation limit. 
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Table 6-2 
Summary of Tritium Concentrations in 1995 Boreholes BH-11 and 

BH-12 and 2008 Location DP3 at the Mixed Waste Landfill  
 

Borehole 
10-ft Samples 

(pCi/L) 
30-ft Samples  

(pCi/L) 
50-ft Samples  

(pCi/L) 
DP3 (2008) 1.89E+05 8.21E+05 5.15E+03 

BH-11 (1995) 7.00E+03 1.15E+03, 1.31E+03 (duplicate) 1.06E+03 
BH-12 (1995) 6.70E+05 7.80E+06 2.11E+05, 2.15E+05 (duplicate) 

BH = Borehole. 
DP = Direct-push. 
ft = Foot (feet). 
pCi/L = Picocuries per liter. 
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Table 6-3 
Summary of Mean and Maximum Concentrations of CFC-12, PCE, TCE, and 

Total VOCs in Soil-Vapor Samples Collected at 10 and 30 Feet (1994) and at 10, 30, and 
50 Feet (2008) at the Mixed Waste Landfill 

 
Analyte(s) and Statistical Parameter 1994 Samples 2008 Samples 

CFC-12 Mean 7.15E+02 44 
CFC-12 Maximum 2.90E+04 110 
CFC-12 Triggera None None 

 
PCE Mean 426 119 

PCE Maximum 5.20E+03 380 
PCE Triggera 2.00E+04 2.00E+04 

 
TCE Mean 221 40 

TCE Maximum 630 140 
TCE Triggera 2.00E+04 2.00E+04 

 
Total VOC Mean 1.92E+03 437 

Total VOC Maximum 3.07E+04 1.33E+03 
Total VOCs Triggera 2.50E+04 2.50E+04 

aVadose zone triggers for PCE, TCE, and total VOCs from the Long-Term Monitoring and Maintenance 
Plan for the Mixed Waste Landfill (SNL/NM September 2007a). 
CFC-12 = Dichlorodifluoromethane. 
PCE = Tetrachloroethene. 
SNL/NM = Sandia National Laboratories/New Mexico. 
TCE = Trichloroethene. 
VOC = Volatile organic compound. 
 
 
 



 

 

APPENDIX A 
NMED Approval Letter for the Mixed Waste Landfill 
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APPENDIX B 
Environmental Restoration Group (ERG) 2008 

Radon Investigation Report for the Mixed Waste Landfill 



 















 

 

APPENDIX C 
Data Validation Reports for the 2008 Tritium Soil Samples 

Collected at the Mixed Waste Landfill 



 















































 

 

APPENDIX D 
Analytical Reports for the 2008 Soil-Vapor Samples 

Collected at the Mixed Waste Landfill 



 























































































































































































 

 

APPENDIX E 
Data Validation Reports for the 2008 Soil-Vapor Samples 

Collected at the Mixed Waste Landfill 
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